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INFLUENCE METHYL-p-HYDROXYBENZOATE, 
CHLORTETRACYCLINE, AND CERTAIN TRACE METALS 
MELAMPSORA OCCIDENTALIS 


Abstract. 


Less than the uredospores Melampsora occidentalis Jacks., poplar 
rust, germinated distilled water. However 31% spores germinated 
ture cobalt nickel ions were added, further increases 
and 14% were obtained. The maximum effect (60% germina- 
tion) was found with optimum amounts methyl-p-hydroxybenzoate, 
salt, and p.p.m. chlortetracycline combination, although the antibiotic 
and the heavy metal salt had effect themselves. spore stimulation 
was found with compounds related methyl-p-hydroxybenzoate and with 
other rust species. 


Introduction 


studies plant rusts, uredospores various rust species were germinated 
the surface distilled water. prevent bacterial growth some anti- 
biotics were tested, among these chlortetracycline (aureomycin) was added 
solution made with Aureomycin Surgical (5). This addition 
had effect corn rust (Puccinia safflower rust (P. 
sunflower rust (P. slight but not reproducible stimulation 
uredospore germination was noted one sample wheat rust (P. graminis 
and marked stimulation uredospores poplar rust 
occidentalis 

Less than the uredospores poplar rust germinated distilled 
water but over 20% germinated when 100 p.p.m. Aureomycin Surgical 
Powder was added. The purpose this investigation was find the cause 
the stimulation and assess factors which might enhance the effect.. 
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Materials and Methods 


Spore Material 

The spores were obtained from fresh poplar leaves which were densely 
covered with pustules uredospores. They were collected suction 
September, 1953, and the dry spores were stored glass-stoppered flask 
about 1°C. The sensitivity against the stimulants remained remarkably 
constant during period about months. 


Germination Conditions 

Microscope slides with straight-sided wells (16 mm. diam. mm. deep) 
were used containers for spore germination. The wells were filled with 
triple distilled water until the surface was nearly level with the top the 
glass slide minimize capillary action. Chemicals (reagent grade) were 
made stock solutions and added indicated 4:7-5.0. The 
spores were dropped the surface with spatula and spread that few 
possible were contact. 

The slides were then placed separately Petri dishes with thin layer 
water the bottom prevent drying and incubated single layer 
15°-16° for about three hours. The longest germ tubes were then 200 
and counting was comparatively easy. 


Determination Percentage Germination 


Four groups 100 spores were counted each slide with two groups 
the center and two the edge selected random. For each treatment 
least five series were analyzed different days with three slides each 
series. The amount variation and the significance the results indicated 
Table II. 


Experimental Results 


Effect Germination Aureomycin Surgical Powder and Its Constituents 
Chlortetracycline and Methylparaben 

stated previously, less than the uredospores germinate distilled 
water. Fig. shown the effect germination various concentrations 
Aureomycin Surgical Powder which demonstrates sharp maximum 
400 p.p.m. the constituents chlortetracycline was found have 
stimulatory effect while methylparaben (Fig. showed the same relative 
stimulation the Aureomycin Surgical Powder when the latter was calculated 
was the optimum amount. 


Effect Temperature 

Table the percentage germination given for various temperatures 
with added Aureomycin Surgical Powder. The optimum was 15°-16° 
and this temperature was used all experiments. 


PERCENT GERMINATION 


TUREL: UREDOSPORES 295 


CONCENTRATION (p.p.m.) 


Fic. methylparaben and Aureomycin Surgical Powder (p.p.m. 
germination uredospores Melampsora occidentalis. 


TABLE 


EFFECT TEMPERATURE SPORE 
GERMINATION UREDOSPORES 
Melampsora occidentalis 


(The spores were incubated with 400 
Aureomycin Surgical Powder water 
the various temperatures for three 


Effect Heavy Metal Ions 


The stimulatory effect spore germination heavy metal ions demon- 
strated Fig. Controls showed that none these ions had any effect 
the absence methylparaben. The data, summarized Table II, show 
the significant differences between treatments when optimum amgunts 
the additives Although chlortetracycline itself, com- 
bination with methylparaben, had effect spore germination, the 
presence added metal ions significant increase germination was noted. 
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PERCENT GERMINATION 


CONCENTRATION METAL IONS (p.p.m.) 


Fic. Effect heavy metals germination uredospores Melampsora 


For example, when the antibiotic was added methylparaben and nickel 
sulphate the increase germination (from 44% 60%) was significant 
beyond the level. 


Effect Compounds Related Methylparaben and Furfural 


(propylparaben) widely used therapeutic 
preparations, methylparaben; however the former compound had 
effect the germination rust spores. 


number other related compounds, acetyl salicylic acid, methyl-m-, 
ethyl-p-, and ethyl-m-hydroxybenzoate, also gave activation spore 
germination. 

Furfural, mentioned several papers causing germination ascospores 
Neurospora crassa (1) and tetrasperma (6, 8), was tested con- 
centration against the poplar rust without effect. 


Effect Additives Germ-tube Morphology 


Methylparaben caused shortening the germ-tubes. For example, 
trial the average length the germ-tubes distilled water was 130 
and p.p.m. methylparaben was 100 Chlortetracycline had 
visible effect the germ-tubes. 
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TABLE 


EFFECT VARIOUS ADDITIVES SPORE GERMINATION UREDOSPORES 
Melampsora occidentalis 


(The percentage germination recorded the mean least five successive trials with 
three replicates each trial. Methylparaben was added concentration p.p.m., 
chlortetracycline p.p.m., and the salts the optimum amounts shown Fig. 2.) 


Germination 
Additive 

Range Mean 


Indicates and level significance for difference between means. 


Iron cobalt salts, when used optimum amounts together with the 
organic compounds, produced germ-tubes about the same length 
water. Nickel salts, however, caused shortening the length the 
germ-tubes but these were more branched than found the controls. 


Discussion 


Methylparaben has been used for many years preservative many 
drugs and cosmetics and all kinds food (3). active against bacteria, 
yeasts, and molds. The effect various molds (Aspergillus flavus, Peni- 
cillium glaucum, and Mucor mucedo) has been tested (3). For most uses 
from 1-2 p.p.m. methylparaben sufficient. However, this much 
smaller amount than optimum for the stimulation rust spores. Thus, 
evident that this not the well known phenomenon where toxic substances 
dilute solutions are stimulatory. There are references the mechanism 
inhibition methylparaben the literature. 

Conditions for germination various types spores including rust have 
been investigated (2), but few chemicals have been found which cause 
marked stimulation germination. Thiel and Weiss (9) found that citric 


é 


298 CANADIAN JOURNAL MICROBIOLOGY. 


acid hastened the after-ripening process the teliospores Puccinia 
graminis which without treatment germinated several months 
Noble (4) reported that spores Urocystis tritict which were treated with 
citric acid did not show any increase germination, however certain con- 
centrations benzaldehyde were found have stimulating effect the 
teliospores Puccinia graminis and the chlamydospores Urocystis 
tritici. 

the present time little known about the effects many these 
chemicals the enzyme systems which are active the germination process. 
Certainly this marked effect methylparaben merits further study. 
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SUBMERGED CITRIC ACID FERMENTATION SUGAR 
BEET MOLASSES: INCREASE SCALE! 


Abstract 


Factors affecting the citric acid the submerged fermentation 
ferrocyanide-treated molasses Aspergillus niger were studied 2.5 
and liter fermenters. The small fermenters were used determine the 
effects changes sterilization technique, phosphate supplement, ferrocyanide 
treatment, inoculum level, initial pH, fermentation temperature, and aeration 
rate. The relation between ferrocyanide concentration and inoculum level 
was also studied. Four samples molasses were fermented success- 
fully. average yield 8.2% citric acid (64% conversion) was obtained 
from small-scale fermentations. Comparable yields were obtained the 
large fermenters under comparable conditions. Most the information 
obtained with the small fermenters was applicable the larger-scale fermenters, 
the latter the fermentation was significantly more stable. Aeration was 

the the scale-up and aeration rates approximately double those 
calculated fermenter cross-sectional area basis were required for comparable 
results the large fermenters. 


Published information the production citric acid submerged 
fermentation crude carbohydrate materials limited and deals mainly 
with laboratory-scale work using shake flasks vessels comparable size 
aerated with spargers. Studies this type have been reported cane 
(3, 7), beet molasses (2, 9), corn sirup (6, 8), and starchy 
materials (5). Ion exchange resins, bone char, ferrocyanide, and other 
such methanol, were used the preparation the substrates 
for fermentation. 

Some larger-scale work has been reported. Buelow and Johnson (1) 
studied aeration during the fermentation synthetic medium 50-gal. 
glass-lined tank and Schweiger and Snell (6) have described the fermentation 
ion-exchange treated crude substrates 275-gal. column-type fermenter. 

Investigations the submerged citric acid fermentation ferrocyanide- 
treated beet molasses have been limited laboratory-scale work. Clement 
(2) obtained maximum conversion 64% eight nine days, while 
Martin and Waters (4) obtained conversions high 72% hr. The 
latter workers used tower-type fermenters containing 2.5 liters mash 
initially sparged with air and later with oxygen. Using similar technique, 
Steel al. (9) obtained reproducible high yields (68.5% conversion 
116 hr., 4.5% coefficient variation) after developing pellet- 
type inoculum. 

These investigations (4, show that promising technique has been 
developed, and the need for further study indicated. This paper reports 
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work designed supply information the factors affecting citric acid yield, 
and factors considered scaling the process. Optimum, 
least satisfactory, fermentation conditions were determined for several samples 
molasses using small, tower-type fermenters similar those described 
Martin and Waters (4) after which the changes made necessary increase 
scale were determined using similar but larger towers. 


Methods 


Inoculum and Substrate Preparation 

Inoculum was prepared using Aspergillus niger N.R.C. A-1-233 described 
Steel al. (9), except for the amount ferrocyanide and the number 
spores used. These factors varied with the molasses sample, shown below: 


Molasses Spores/culture 
Chatham 1951 0.5 1.0 10° 
Chatham 1953 0.4 2.0 
Alberta 1953 0.4 2.0 10° 
0.4 4.0 10° 


Analyses the molasses (Table indicated considerable variation 
the amount iron present, even samples from the same factory but from 
different crop-years. The amounts nitrogen and phosphorus were about 
average, compared with the range concentrations given the literature (10). 


TABLE 


ANALYSES MOLASSES 


Sample 
Chatham Chatham Quebec Alberta 
1951 1953 1953 1953 
8.9 9.0 8.0 8.6 
Sugar, (w/w) 54.1 53.4 51.7 58.7 
Total nitrogen, 1.60 1.78 1.55 1.53 
Total phosphorus, 0.007 0.008 0.008 0.008 
Total iron, 0.005 0.012 0.009 


Preparation the mash has been described previously (9). the 
molasses was diluted 24% strength (w/v basis) with tap water and the 
adjusted 6.0 with hydrochloric acid. The mash was then sterilized 
9-liter batches 12-liter glass flasks for min. Ferrocyanide 
was added immediately after sterilization and the mash was cooled overnight. 
Glass vessels were used for sterilization because stainless steel vessels gave 
poor fermentation results unless the mash was put into glass immediately after 
sterilization. 
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Fermenters 


The small fermenters (18 2.5-liter units) each consisted section 2.5 
diameter glass pipe with mechanical foam breaker the top and 
medium porosity sintered glass aeration disk glass fitting the bottom 
(4). Fermentation temperature was controlled flowing water contact 
with the outside surface the fermenters. The air oxygen for aeration 
was passed through filter and bubble-type humidifier before distribution 
individual flowmeters. 

large fermenters (two 36-40 liter units) were made in. diameter 
Pyrex pipe and were designed that the mash did not come into contact with 
any metal (Fig. metal parts were necessary (e.g. foam breaker 
cylinder) protective coating was used. Preliminary tests made with 
stainless steel aeration disks (types 304 and 316 stainless steel, and 
porosites) gave poor fermentation results. Aeration was uneven and rapid 
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corrosion the disks caused trace metal contamination. This difficulty was 
overcome using aeration disks made suitably modified sintered glass 
filter funnels medium porosity fitted into holes rubber covered steel 
plate, shown Fig. thermostatically controlled glass cooling coil 
was used each tower. The aeration system was similar that used for the 
small fermenters. 


Fermentation Procedure 

Every effort was made reduce eliminate uncontrolled variations 
between tests standardizing the test procedure. After the fermenters 
were sterilized the mash was weighed into them and the desired amount 
inoculum (9) added. Air was passed through the mash for the 
first hr. the fermentation period and oxygen for the remaining time. 
During the first two days the fermentation foaming was severe and antifoam 
agents (lard oil and octadecanol mineral oil) were used addition 
mechanical foam breaking. Later foaming was periodic and much less severe. 

Samples were taken for analysis regular intervals during the 116 hr. 
the fermentations were allowed run. Analytical methods were similar 
those outlined Martin and Waters (4). All the acid yields given have 
been corrected for evaporation loss (about for the small fermenters, 
negligible for the large fermenters) determined weighing the mash the 
end the fermentation period. Since correction was made 
for non-sugar-reducing substances the molasses, the actual percentage 
sugar converted citric acid during fermentation may slightly higher 
than the percentages given. 

Control fermentations were run under the following conditions: tempera- 
ture, initial pH, 7.0; gas flow rate, 500 cc./min. (small fermenters) 
and 6400 cc./min. (large fermenters); inoculum, 200,000 pellets/liter; ferro- 
cyanide 0.8 gm./liter (Chatham 1953 molasses) and 0.5 gm./liter (Chatham 
1951 molasses). 


Scope Investigation 

Since the primary object was scale particular fermentation (4, 
and not develop new one, the operational technique already established 
for that fermentation was accepted far possible, and the factors examined 
were mainly those thought dependent scale the particular sample 
molasses used. Ferrocyanide, inoculum, phosphate, pH, temperature, and 
aeration rate were the main factors studied. These variables were tested 
over wide range values the small fermenters determine optimum 
conditions and the sensitivity the fermentation changes the variables. 
The same variables were then tested over more limited range the large 
fermenters. Information the fermentation four different samples 
molasses was also obtained. addition, tests were made using different 
sterilization temperatures for the molasses attempt simplify the 
treatment the larger batches required for the 36-liter fermenters. 
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Results 


SMALL FERMENTERS 


Most the tests were made using Chatham 1951 Chatham 1953 
molasses. The effects sterilization conditions, phosphate supplement, 
ferrocyanide and inoculum levels, and aeration rate were studied using the 
Chatham 1951 sample. When the supply this molasses ran out, Chatham 


was used studying the effects temperature and initial pH. Since 


phosphate, ferrocyanide, and inoculum requirements were thought 
particularly dependent the sample molasses used, these tests were 
repeated with the 1953 molasses. addition, limited tests were made using 
Quebec and Alberta molasses find out whether not these samples could 
also fermented satisfactorily. 


Sterilization Conditions 

The results tests with various mash sterilization conditions (Table 
indicated that the fermentation highly sensitive changes sterilization 
conditions, and that this treatment does more than render the mash sterile. 
these experiments the mash was sterilized min. and the ferrocyanide 
added immediately thereafter. Since the autoclave could not opened 
while under pressure, the mash temperature was about when 


ferrocyanide was added, regardless sterilization pressure. The tests showed 


that the ferrocyanide reaction depended temperature and, when the mash 
was sterilized atmospheric pressure, time well. Increasing the 
sterilization pressure p.s.i.g. from p.s.i.g. did not alter the results, 
but increasing the sterilization time p.s.i.g. min. caused marked 
changes the fermentation. The mold pellets were larger, variable size, 
and tended pack the bottom the fermenter, although the citric acid 
yield was only slightly lower. 


TABLE 


EFFECT STERILIZATION CONDITIONS YIELD 


Citric acid yield 116 hr., 
(av. two fermentations) 


Cooled air room temperature 6.3 8.3 


Cooled hr. air room temperature, then 
cold-water bath 6.5 8.1 


Cooled hr. air room temperature, then 
cold-water bath 4.2 7.9 
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Phosphate Supplement 

with both samples Chatham molasses (Table III). addition the 
marked reduction acid yield with increasing quantities supplement, 
amounts phosphate greater than 0.05 gm./liter resulted large irregular 
mushy pellets that tended pack the bottom the fermenter and caused 
unstable fermentation. Phosphate also affected the production acids 
other than citric. the absence phosphate, oxalic acid accounted for 
80% these acids whereas the presence 0.5 gm./liter phosphate, 
oxalic acid production was negligible. 


TABLE 


EFFECT PHOSPHATE SUPPLEMENT YIELD 


Citric acid yield 
(av. two 


Chatham 1951 Chatham 1953 
0.0 8.0 8.2 
0.01 7.3 7.8 
0.05 7.4 4.8 
0.10 6.4 6.5 
0.25 6.7 0.3 
0.50 2.6 3.8 


Martin and Waters (4) obtained good yields citric acid using phosphate 
supplement. This difference results may have been caused differences 


CITRIC 


Fic. ferrocyanide citric acid yield. (Small fermenters, Chatham 1951 
Values from single fermentations all figures except where otherwise noted.) 


= = 
PELLETS/L. 
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Ferrocyanide Treatment 


Amount ferrocyanide, citric acid yield, rate citric acid production, 
mold growth, and inoculum level were related. The effect ferrocyanide 
maximum yield two inoculum levels shown Fig. Rate production 
was proportional maximum yield. When ferrocyanide levels were optimal 
gm./liter) the mold pellets were fairly uniform size (1-2 mm. 
diam.) and appeared firm. the level was decreased, the pellets became 
larger and less uniform, and tended pack. 0.3 gm./liter the pellets 
packed consistently. higher than optimum ferrocyanide levels the pellets 


‘remained small and uniform but yields decreased. 


Inoculum Level 

Maximum yields and rates production citric acid were obtained with 
inoculum levels pellets/liter (Figs. and 4). low levels 
(40 and pellets/liter) the pellets were large, uneven size, and 
frequently packed, but became smaller and more uniform the level was 
raised. 360 pellets/liter the pellets were not much smaller than 
those giving maximum yields but the density the fermenter was great 
that both aeration and agitation were greatly reduced and there was 
tendency pack. Since the rate acid production (Fig. 4), well the 
permissible range ferrocyanide concentrations (Fig. 2), increased with 
inoculum level, the optimum inoculum level was the highest one that 
did not markedly reduce aeration and agitation. The optimum inoculum 
level was therefore considered 280 pellets/liter. 


360 100 120 


120 
INOCULUM, FERMENTATION TIME, 


citric acid yield (small (pellets/liter 10*) rate citric acid 
Chatham 1951 molasses). production (small fermenters, Chatham 


1951 molasses). 
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Gas Flow Rate 
Citric acid yield increased with increasing gas flow rate (Fig. 5). This 
increase yield was due more rapid acid production during the first hr. 
the fermentation and increased fermentation time rather than increased 
rate acid production throughout the fermentation. The relation between 
yield and the appearance the pellets was also evident these tests. 
The pellets decreased size and became more uniform the gas flow rate 


was increased 400 cc./min. but higher levels, change was evident and 
yields increased only slightly. 


CITRIC ACID, 


200 400 800 1000 1200 
FLOW RATE, 


Fic. gas flow rate citric acid yield (small fermenters, Chatham 1951 
molasses). 


Temperature 

The effect temperature total and citric acid yields shown Fig. 
Although the optimum temperature was 31°C., fermentations 33° 
occasionally gave more rapid rate acid production. Final yields 33° C., 
however, were always somewhat lower. Above 31°C. the pellets tended 
pack the bottom the fermenter. The ratio citric total acid decreased 
with increasing temperature from 89% 25° 77% 35° 


Initial Mash 

The highest yield citric acid was obtained when the mash was initially 
restricted, the appearance the pellets was not related pH. 


Molasses Samples 
Comparison the results obtained with Chatham 1951 and Chatham 1953 
molasses under optimum control conditions showed that the main difference 


6 
4 


his 
hr. 
sed 
ate 


STEEL AL.: CITRIC ACID FERMENTATION 307 


Fic. Effect tem 


1953 molasses). 


CITRIC ACID, 


CITRIC ACID, 


ACID 


TEMPERATURE, °C. 


temperature acid (averages duplicate fermentations 


fermenters, Chatham 1953 molasses). 


FERMENTATION TIME, 


itial citric acid production (small fermenters, Chatham 


‘ 
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between these two samples was the increased variability final yield obtained 
with the 1953 molasses (Table IV, small fermenter results). was noted 
that the pellets the 1953 molasses fermentations giving lower than average 
yields were somewhat larger and more uneven size than normal. The 
fermentation time was also more variable with the 1953 molasses—maximum 
yields were obtained times varying between and 116 hr. (Fig. 
Table V), whereas 116 hr. was required for most the 1951 molasses 
fermentations (Fig. Table V). 


TABLE 


VARIABILITY CONTROL FERMENTATIONS 


Standard 
deviation 
No. Av. yield single 
Molasses fermentations citric acid) fermentation 
Chatham 1951* 8.3 0.1 0.3 
Small fermenters. 
Large fermenters. 
TABLE 
FERMENTATION DIFFERENT SAMPLES MOLASSES 
(Duplicate fermentations) 
Ferrocyanide ric Time 
Chatham 1951 0.5 280 8.7 66.1 115 
Chatham 1953 0.5 280 9.1 71.1 117 
Quebec 0.6 200 6.9 55.6 
Alberta 0.8 280 8.4 59.5 
Blend* 0.6 280 8.0 61.5 


Equal parts the four samples listed. 


Another difference between these two samples was found their response 
ferrocyanide treatment. The range ferrocyanide concentrations that 
could used with the 1951 molasses was narrow and well defined (Fig. 2). 
With the 1953 molasses, ferrocyanide concentrations between 0.4 and 1.8 
gm./liter were tested, and although the fermentation appeared less 
stable the extremes, good yields were obtained over the entire range. 


ao 
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all, fermentations were made with four different samples molasses, 
and with blend the four (Table V). Since only limited tests were made 
with the Quebec and Alberta samples, however, the conditions used probably 
were not optimal and further work might have given higher yields and 
conversions. 


LARGE FERMENTERS 


Although the range over which variables were tested the large fermenters 
was not great the small fermenters, the tests showed that, general, 
the characteristics the large and small fermenters were the same and that 
the information obtained the small-scale tests applied the larger 
fermenters. Chatham 1953 molasses was used for all but three the 36-liter 
fermentations (Table VI). the three, two were made with the Chatham 
1951 sample, and one with mixture equal parts Chatham 1951 and 
1953 molasses. 


TABLE 
LARGE FERMENTER RESULTS 


(Chatham 1953 molasses except where otherwise noted) 


No. Ferro- Inoculum Tem- 
fermenta- Aeration perature Time Conversion 


Ferrocyanide 0.4 120 6400 116 7.8 

0.6 120 6400 116 7.2 

1 0.8 120 6400 31 114 7.5 58 

2 0.5 200 6400 31 115 8.2 4 

0.5 280 6400 98-99 8.6 

0.5 360 6400 115 5.2 

Gas flow ratet 2 0.5 120 3200 31 100 7.0 55 
1 0.5 120 4800 31 117 8.1 63 

1 0.5 120 8000 31 117 - 9.1 71 

0.5 120 9600 8.2 

Temperature 0.8 200 6400 115 
2 0.8 200 6400 31 85-90 8.4 66 

0.8 200 6400 85-116 7.9 

Molasses 0.5 200 6400 116 8.9 
sample 0.6 200 6400 8.8 


Results with 120 10° shown part table. 
Results 6400 cc./min. shown part table. 

Chatham 1951 molasses. 

Mixture Chatham 1951 and 1953 molasses. 
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Phosphate Supplement, Ferrocyanide Treatment, Inoculum Level, and 
Temperature 

Fermentations using phosphate supplement confirmed the small fermenter 
results indicating that small additions phosphate did not improve the 
fermentation, and larger additions lowered yields and caused instability. 

The effects ferrocyanide treatment and inoculum level citric acid 
yield (Table VI) and mold growth were similar those observed the 
small fermenter work. The reproducibility the fermentation, however, 
was greater the large fermenters (Table IV). The stability the 36-liter 
fermentation under optimum conditions may even greater than that shown 
Table because the data recorded were obtained from fermentations 
made using range ferrocyanide concentrations (0.4 0.8 gm./liter) and 
several inoculum levels (120, 200, and 280 pellets/liter). 

Another difference, noted repeatedly, was that larger-than-normal pellets 
did not pack readily the large fermenters. may account for the 
relatively high yields obtained the tests with low inoculum levels (40 and 
10* pellets/liter). 

The optimum temperature was found 31° for the small fermenters 
(Table VI). 


Gas Flow Rate 

The results (Fig. indicate that the yield increases first rapidly and then 
more gradually the gas flow rate increased. The yields 3200 cc./min. 
show that the gas flow rate obtained scaling from the small fermenter 


CITRIC 


3200 4800 6400 
GAS FLOW RATE, 


Fic. Effect gas flow rate citric acid yield large fermenters (Chatham 
1953 molasses). 
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results cross-sectional area basis was too low. Turbulence the large 
fermenters was appreciably less than the small fermenters when equivalent 
(on cross-sectional area basis) gas flow rates were used. Minimum satis- 
factory gas flow rates the two sizes fermenter were approximately the 
same ratio the volumes the fermenters. 


Conclusion 


The fermentation was found sensitive varying degrees changes 
each the factors studied and maximum yields were obtained over 
limited range conditions. addition, ferrocyanide concentration and 
inoculum level were related, and depended the molasses sample. Although 
the relation was the only relation between variables 
tested, the appearance the pellets during other experiments suggests 
relations between other factors well. Low aeration rate, high temperature, 
appreciable addition phosphate supplement, and some sterilization condi- 
tions, all produced larger-than-normal pellets uneven size similar those 
fermentations with low levels ferrocyanide inoculum. 

The success experienced fermenting four different samples molasses 
suggests that others can also fermented conditions are adjusted suitably. 
great deal remains learned about the fermentation, however, and more 
information should reduce the uncertainty yield and stability changing 
from one sample another. 

The change scale which was made (approximately volume 
basis) did not require any change most the conditions which were found 
optimum for the small fermenters, and increase stability was 
noted. Most the information obtained with the small fermenters 
therefore applicable the larger-scale process. Aeration was the main 
exception, and the great increase aeration rate required the large 
fermenters suggests that information about the oxygen and agitation require- 
ments the fermentation may necessary for efficient further increase 
scale. 
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EFFECTS BENZENEHEXACHLORIDE 
SOIL MICROORGANISMS 


IV. BENZENEHEXACHLORIDE-RESISTANT BACTERIA FROM VIRGIN 


Abstract 


The presence benzenehexachloride agar plates prepared for estimating 
the numbers bacteria and actinomycetes five virgin soils prevented the 
development more than 90% the bacteria normally appearing colonies. 
The bacteria isolated from the treated plates were all Gram-negative short rods. 
The actinomycetes did not develop the lowest dilution used, viz., 1000. 
Cultural studies were made 473 bacteria, and, for comparison, 
382 bacteria from the total microflora. The majority the BHC-resistant 
bacteria from four the soils produced acid from glucose, the majority from 
one those soils reduced nitrate, and the majority from three were unable 
hydrolyze starch. BHC prevented the hydrolysis starch plate cultures. 


Previous papers this series reported effects benzenehexachloride 
(BHC) autotrophic bacteria (1), bacteria that hydrolyze urea (2), and 
several heterotrophic bacteria, some which had been isolated from soils 
(3). was found that the presence BHC Petri plate cultures permitted 
the growth some bacteria but prevented that others. This paper reports 
the results tests made ascertain whether the addition BHC the 
agar medium used estimate bacterial numbers soil would repress the 
formation colonies, would favor the development particular groups 
bacteria and, so, determine the nature the bacteria affected. 


Numbers Microorganisms 


preliminary test BHC and its gamma isomer were added alcoholic 
solution sterile Petri plates, give 2.5 and 0.3 mgm. respectively each 
plate, and the alcohol allowed evaporate 37° Four soil samples were 
taken from restricted area cultivated St. Bernard loam Macdonald 
College. Suitable suspensions were mixed with glucose nitrate agar with 
without BHC the gamma isomer the dishes. The medium was that 
Smith and Dawson (4), but modified the omission the bengal rose dye. 
The average numbers bacteria and actinomycetes were found shown 
Table The BHC thus prevented the development all but small 
fraction the bacterial population. The effect the gamma isomer was 
probably not significant. 
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TABLE 
NUMBERS BACTERIA, WITH ACTINOMYCETES, AND FUNGI 


PLATES WITH AND WITHOUT BHC; AVERAGES 
FOUR SOIL SAMPLES 


Bacteria and 


actinomycetes* Fungit 
BHC 16.0 116 
BHC 0.2 
Gamma 14.5 101 


Millions per gram. 
Thousands per gram. 


During 1952, samples were collected from virgin soils five places the 
Eastern Townships area Quebec. 
The following brief description the 


Soil Ste. Sophie Sand.—Deep sandy loam, from river bank; low bush 
and gramineous cover; located near West Shefford Shefford County, 
Quebec. 


Soil Suffield Clay Loam.—Gravelly loam, under hay, located near West 
Shefford Shefford County, Quebec. 


Shefford Shaly Loam.—Gravelly loam, blackish top layer, containing 
crumbly tree rootlets, from eroded slope under deciduous cover young 
maples; located near West Shefford Shefford County, Quebec. 


Soil St. Jude Sand.—Loam soil, loose, crumbly, and very dark, from 
swamp land; located near base Yamaska Mountain Rouville County, 
Quebec. 


Soil St. Jude Sand.—Heavily leached lowland podsol soil under mixed 
deciduous coppice; located near St. Michel Rougement Rouville County, 
Quebec. 

The samples were collected late summer, placed glass jars with tight 
fitting covers prevent loss moisture, and brought back the laboratory 
where they were stored cool damp place maintain the moisture. 


For estimating bacterial numbers portion each soil was sifted through 

3-mm.-mesh sieve. 10-gm. sample the sifted soil was then placed 
dilution flask which contained 100 ml. sterile tap water; from this suspension 
dilutions and 100,000 were prepared for plating. 
Each plate used for the 1000 and 4000 dilutions received mgm. 
Benexane ml. alcohol; these plates were then placed warm 
incubator, 35°-37° C., for hr. allow the alcohol evaporate. Six 
*The authors are indebted Mr. Mackay, graduate student Soil 


Macdonald College, and Mr. Paul Lajoie, Soil Surveyor, Experimental Farm Services, Dominion 
Agriculture, for assistance identifying the 
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replicate plates ml. from each dilution each soil were prepared with 
soil extract agar the following composition: soil 0.2 
gm.; yeast extract (Bacto), 0.1 gm.; glucose, 1.0 gm.; 1.0 gm.; 
The was adjusted before sterilizing. 

The plates used for the 100,000 dilution served controls. 

Colonies bacteria and actinomycetes were counted after the plates had 
been incubated 26°-28° for eight days. The numbers microorganisms 
are shown Table II. The results show that the BHC greatly reduced the 
numbers microorganisms. Soil No. contained more BHC-resistant 
bacteria than did the other soils, shown the higher count obtained from 
the treated plates and the lower percentage reduction the number 
colonies. There were outstanding differences numbers BHC-resistant 
bacteria the different soils; this fact suggests that the indigenous microfloras 
these soils are quite similar with regard their degree resistance. 


Studies the Bacteria Isolated 
Methods and Media 


Cultures were obtained for study systematically selecting colonies 
bacteria that all were taken from sector whole plate which contained 
about 100 colonies; stab cultures were made from these colonies soil extract 
semisolid (0.3%) agar serve stock cultures. Transfers were made from 
the stock cultures slopes soil extract glucose nitrate agar, which 
were incubated After hr., soon growth became 
evident, morphology and reaction Gram’s staining were deter- 
mined Hucker’s modification that method. also were 
determined from the slope cultures. 

The ability the organisms utilize glucose was determined soil extract 
semisolid agar containing 0.1% glucose, with bromcresol purple 
indicator, incubated for eight days. Starch hydrolysis was 
determined plates soil extract agar containing 0.2% starch incubated 
for seven days. 

determine the ability the organisms reduce nitrate, transfers were 
made into soil extract liquid medium containing 0.02%, yeast 
extract 0.01%, and potassium nitrate 0.1%. The cultures were incubated 
25°-28° and intervals two, six, and seven days tests were made for 
the presence nitrites means Trommsdorff’s reagent. 

The ability the organisms liquefy gelatin was determined from stab 
cultures tubes soil extract. base containing 10% Bacto-gelatin. The 
cultures were incubated 26°-28° for seven days, and then placed 
cold room for three four hours resolidify any unchanged gelatin before 
they were examined for growth and 


The extract was autoclaving 1000 ml. soil liter tap water for 
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Results 


examination the morphology and staining 

reactions, five main groups bacteria were recognized: 

Group Short rods, Gram-negative. 

Group Short rods, Gram-positive. 

Group Long rods, Gram-positive. 

Group Medium thick rods, Gram-negative. 

Group Spherical, Gram-positive. 
was not easy allocate some the bacteria groups, particularly with 
regard Gram-negative short rods where the differentiation between rod and 
spherical forms was very slight; all these doubtful forms were grouped 
under the one heading Gram-negative short rods. The incidences the 
different morphological groups bacteria are presented Table III. The 
results show that BHC prevented the growth colonies all the groups 
except those Group Gram-negative short rods. 


incidences motile and non-motile cultures bacteria are 
presented Table III. The results show that the presence BHC has 
selectively permitted the development bacterial population that contains 
large number motile forms. The average percentage incidence motility 
cultures isolated plating without BHC was approximately 50% 
compared with almost 90% for cultures from BHC-treated plates. appears 
that little difference exists the incidence motility the BHC-resistant 
cultures from the five soils. 


physiological characters the different morphological 
groups bacteria are summarized Table IV. Although some variation 
among the BHC-resistant Gram-negative short rods can noted 
comparison with those the control cultures similar morphological type, 
outstanding differences are apparent. The BHC-resistant bacteria were, 
however, slightly more active than those the corresponding controls with 
regard the ability produce acid from dextrose and reduce nitrate. 
The results also show that 18% the control and 11% the BHC-resistant 
cultures this morphological group were physiologically inactive, judged 
their inability hydrolyze starch, reduce nitrate, and liquefy gelatin. 
With respect the control cultures all the groups, the results agree some 
extent with those obtained from cultivated soils Taylor and Lochhead (5). 
The ability produce acid from dextrose appears, however, 
dominant characteristic Gram-negative short rods both the control and 
BHC-resistant groups. 

comparison the BHC-resistant bacteria from the five soils shows that 
apparently closely related forms may vary considerably, particularly starch 
hydrolysis, nitrate reduction, and gelatin liquefaction; this shown Table 
The cultures from soil No. differ from those the other four soils, 
that only 43% the cultures were able produce acid from dextrose, 
compared with 96, 88, 89, and 84% the cultures from the other four soils. 
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TABLE 


PHYSIOLOGICAL CHARACTERS BHC-RESISTANT BACTERIA FROM FIVE VIRGIN SOILS 


Soil number 


Percentage incidence each character 


Acid from dextrose 42.9 96.3 87.8 89.6 83.8 
Starch hydrolysis 30.6 8.2 3.1 9.1 
Nitrate reduction 24.5 96.3 10.2 
Gelatin liquefaction 16.3 52.0 32.3 
action dextrose, starch, 

nitrate, gelatin 30.6 2.4 8.2 4.2 41.1 


Ninety-six per cent the cultures from soil No. were able reduce nitrate, 
compared with 24, 10, 33, and 12% the cultures from the other soils. 

Most the bacteria from soils Nos. and were unable hydrolyze 
starch. test was made ascertain starch hydrolysis the BHC- 
resistant bacteria would restricted prevented BHC its gamma 
isomer plates soil extract starch agar. the bacteria except one 
grew the agar, but none hydrolyzed the starch, with BHC (Technical) 
the plates; all hydrolyzed the starch the presence the gamma isomer, but 
their zones hydrolysis were slightly less than the control plates; the 
mean reduction was 11.7%. These results confirm those reported the 
earlier paper (3). 

The apparent lack any outstanding differences the physiological 
characters the BHC-resistant bacteria comparison with those the 
controls suggests that the ability resist BHC under cultural conditions 
not directly associated with any particular physiological activity those 
bacteria studied. 
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QUALITATIVE STUDIES SOIL MICROORGANISMS 


XII. CHARACTERISTICS BACTERIA! 


Abstract 


Ten types bacteria isolated from soil are described for which vitamin 
acts essential nutrilite. addition vitamin thiamine was found 
essential for the growth all, and biotin for eight, the forms; two 
cases riboflavin acted growth antagonist. For nine the organisms 
thymidine, with without the addition purine and pyrimidine bases, was 
unable replace vitamin promoting growth; with one organism but 
slight response was noted. Methionine was equally ineffective substitute 
for Three the organisms were observed cocci and one pleomorphic, 
curved, unbranched, filamentous form producing cocci older culture. The 
remaining six types, representing approximately 80% the isolates studied, 
were conside belong the genus Arthrobacter, the findings providing 
further evidence the importance this group members the indigenous 
soil microflora. 


Introduction 


Earlier studies the nutritional requirements the indigenous soil bacteria 
(9, 10) have indicated the presence group organisms dependent for 
maximum growth upon factor factors present aqueous extracts soil. 
Some these bacteria show growth, others best slight growth, 
otherwise adequate media containing inorganic salts and sugars, supplemented 
yeast extract combinations amino acids and vitamins (not including 
More recently was shown (11, 12) that for important proportion 
the bacteria for which soil extract was essential for development the growth 
promoting effect the latter could replaced vitamin was 
further observed (12) that other soil bacteria, with simple nutritional needs, 
were able synthesize factor whose nutrilite effect the organisms respond- 
ing the vitamin was related the amount substance produced. 
The organisms were estimated constitute 7.6% the bacteria 
capable being isolated non-selective plating procedures from the soil 
studied. From the findings reported was apparent that the requirement for 
vitamin its physiological equivalent means restricted small 
groups organisms, e.g. lactobacilli, but shown important ecological 
group bacteria forming part the indigenous microflora the soil. 

The previous work (12) was based largely study cultures isolated 
from soil plating soil extract agar. Following the nutritional grouping 
534 isolates the method Lochhead and Chase (10), they were found 
show growth yeast extract medium but capable maximum 
growth upon the addition soil extract crystalline vitamin By. The 
present report deals with the physiological and morphological 
the group and suggests taxonomic relationships. 


Manuscript received December 27, 1954. 
No. 383 from Bacteriology Division, Science Service, Canada Department 
Agriculture, Ottawa. 
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Experimental 


Since their isolation four years previously, stock cultures had been main- 
tained soil extract semisolid medium (Med. SESS). Upon retesting after 
this interval was found that the strains which showed growth 
the yeast extract medium (Med. seven strains had acquired the ability 
develop the absence while four showed slight growth. Consequently 
the studies here reported were confined cultures that continued show 
growth the absence though developed well with the addition 
the vitamin soil extract (Med. YS). The media referred were 
prepared follows: 


Soil extract semisolid (Med. SESS).—Soil extract, liter (prepared 
autoclaving kgm. field soil with liter tap water for min. 
filtering after the addition little calcium sulphate, and making filtrate 
liter); 0.2 gm.; yeast extract (Difco), 1.0 gm.; agar, gm. 


Yeast extract medium (Med. Y).—Glucose, 1.0 gm.; potassium mono- 
hydrogen phosphate, 1.0 gm.; potassium nitrate, 0.5 gm.; 
0.2 gm.; calcium chloride, 0.1 gm.; sodium chloride, 0.1 gm.; FeCl; 
0.01 gm.; distilled water, liter (basal medium); yeast extract, 1.0 gm. 


Yeast sotl extract medium (Med. YS).—Basal salts glucose medium, 
750 ml.; soil extract, prepared above, 250 ml.; yeast extract, 1.0 gm. 


Yeast vitamin medium (Med. above, plus 
crystalline vitamin give concentration per ml. 


The morphological and physiological properties the organisms were 
studied employing appropriate solid liquid media which soil extract 
vitamin per ml.) was incorporated. the absence soil 
extract was found important include, along with additional vitamin 
source such yeast extract (0.1%) order provide other essential growth 
factors or, later experiments, the specific additional vitamins found 
required. 


Morphological and Physiological Types 


the basis comparative tests their morphology, general physiology, 
and vitamin requirements the organisms could classified into different 
types, the chief characteristics being summarized Tables ITI. Six 
the types VI), representing approximately 80% the strains, were 
found show the pleomorphism characteristic the soil corynebacteria 
that they change from rod forms the ‘diphtheroid’ type young culture 
coccoid forms older culture. They are considered representative 
the genus Arthrobacter proposed Conn and Dimmick (3) for the inclusion 
soil types which, though related Corynebacterium, were consigered have 
characteristics sufficiently different from those the type species warrant 
generic distinction. The members this group showed variability 
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staining, were non-motile, showed growth and, the majority 
cases, liquefied gelatin, hydrolyzed starch, and reduced nitrates; acid 
production from sugars, any, was not pronounced. 

Types VIII showed, all cases observed, round coccoid cells and 
formed group bacteria which, though varying other respects, liquefied 
gelatin, reduced nitrates, and grew well 37°C. The remaining type, 
No. VII, exhibited striking morphological features. Young cultures consist 
thin, flexuous, unbranched, Gram-negative filaments varying length, 
older cultures the longer filaments appear break into shorter portions 


which, preparatory division, swell both ends oval round 


assuming dumbbell form. The connection becomes thinner and finally 
disappears leaving oval coccoid cells. The impression thus one pulling 
apart rather than separation breaking away. certain preparations 
the swelling the filaments may produce spindle shapes. After several days, 
cultures usually consist mixture curved filaments and coccoid forms 
while old cultures the latter predominate. all stages growth the cells 
are uniformly Gram-negative. Motility has not been observed. Benton (1) 
has described two types chitinovorous bacteria, later referred myxo- 
bacteria (2), which exhibit certain morphological characters resembling those 
Type VII. However, the identity our type with this group has not 
been confirmed and its taxonomic status still doubt. 


Vitamin Requirements 


the selection media suited the growth the organisms 
was noted that addition vitamin some source other essential 
growth factors was required, such yeast extract soil extract. order 
determine more specifically the supplementary vitamin requirements the 
group, experiments were carried out Table II. basal 
medium was prepared consisting the basal salts outlined above (cf. 
Med. Y); glucose, 1.0 gm.; casamino acids, 1.0 gm.; and vitamin 
The vitamins employed were added the following amounts 
per 100 ml. medium: biotin, 0.1 thiamine, calcium 
choline, mgm.; p-aminobenzoic acid, and folic acid, 
Inoculation was made from soil extract semisolid agar and cultures incubated 
26°C. eliminate any carry-over effect, transfers were made from all 
cultures showing growth into tubes similar medium and this serial transfer 
was repeated least three times. similar procedure was followed Series 
note the effect biotin and thiamine which vitamins had been found 
significant from the findings Series Tests were made duplicate. 

The results clearly indicated the importance biotin and thiamine for the 
growth the organisms, thiamine being essential for 
all, and biotin for eight the types. special interest the role 
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riboflavin the nutrition Types and VII. The suppression growth 
its presence indicates that this vitamin acts antagonist under the 
conditions prevailing the semisynthetic medium used. Since these 
organisms grow more complex media which contain yeast extract 
and therefore riboflavin, this growth ascribed reversal inhibition 
substances not present the simpler medium. 

known that certain bacteria responding vitamin and employed 
assay procedures for this vitamin not react specifically Biz but show 
responses certain physiologically related compounds. That thymidine 
well other desoxyribosides may replace vitamin the nutrition 
lactobacilli, e.g. Lactobacillus has been shown various 
investigators (14, 15, 16). mutants Escherichia 
have been isolated Davis and Mingioli (4) which, contrast the behavior 
many lactic acid bacteria, not respond thymidine; however, 
methionine serves alternate nutrilite for The use the algal 
flagellate Euglena gracilis var. bacillaris for the assay Biz was proposed 
Hutner al. (6) who found thymidine inactive for this organism. 
various hands has shown much promise assay organism view the 
greater specificity for promoting growth, Robbins al. (13) having 
shown methionine, among many compounds, inactive, although vitamin 
and were effective substitutes for 


TABLE III 


VITAMIN By, METHIONINE, AND THYMIDINE 


Basal medium salts, glucose, casamino acids, biotin, and thiamine 


Plus adenine, guanine, xanthine, 
uracil 


good growth; growth; Tr., trace growth; slight growth. 


LOCHHEAD AND BURTON: SOIL. 325 


Comparative tests were made the effect vitamin methionine, and 
thymidine the strains represented the types. Since was shown 
(5) that thymidine effectively replaced for certain strains 
leichmannii only the presence purine and pyrimidine bases (particularly 
combination adenine, guanine, and uracil), tests were made with and 
without the adenine, guanine, xanthine, and uracil. basal 
medium was used composed salts, glucose, casamino acids, biotin, and 
thiamine concentrations similar those previously indicated. The test 


substances were employed follows: vitamin By, per 


methionine, per thymidine, per ml.; and the purines 
and uracil each per ml. The methionine, view its presence 
the casamino acids, represented extra amount available. 

The results, summarized Table III, indicated that under the experimental 
conditions nine the bacterial types were unable grow when was 
replaced thymidine added methionine. One type, No. representing 
one strain the under investigation, was able show slight growth the 
absence Since had been found the only strain able grow 
potato, which contains measurable quantity vitamin the rat assay 
procedure (7), this ascribed its ability respond compounds which are 
physiologically related vitamin 


Description Types 


Type (Cultures 10, 27, 56, 61, 110) 

young cultures, rods varying size and shape, with angular arrangement, 
0.6-0.8 2-5 curved, bent, and slightly swollen forms frequent with 
occasional rudimentary budding; Gram-variable; non-motile; becoming 
coccoid older culture, cells diameter, generally Gram-positive. 


Agar colonies circular, 1-1.5 mm. diameter, convex, entire, glistening, 
cream colored; moderate growth agar slant, filiform, slightly raised, 
smooth, glistening, butyrous, cream-colored; gelatin stab, stratiform 
liquefaction, surface growth, moderate sediment, liquid turbid; growth 
potato; milk (with added yeast extract and vitamin slowly coagulated; 
slight acidity from glucose, none from sucrose and lactose. 


Starch hydrolyzed; nitrites produced from nitrates; indole not formed; 
catalase positive; urease negative; can utilize nitrate nitrogen source and 
citrate carbon source; requires biotin and thiamine addition vitamin 
aerobic; good growth from 20° 32°C., slight growth 10°C., 
growth 37°C. 


Type (Cultures No. 17, 23, 28) 

young cultures, rods, straight, curved bent, generally 0.5 
snapping division giving angular arrangement cells; most cells Gram- 
positive; non-motile; older cultures cells coccoid round, 
Gram-variable, mostly Gram-positive. 
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Agar colonies punctiform, gray-cream color; agar slant cultures show 
slight moderate growth, filiform, rather flat, smooth, waxy, butyrous, 
cream colored; gelatin stab, slow stratiform liquefaction, surface growth, 
slight sediment, liquid very turbid; growth potato; change milk 
after four weeks; acidity from carbohydrates. 

Starch hydrolyzed; nitrites formed from nitrates; indole not formed; 
catalase positive; slight production urease; can utilize nitrates nitrogen 
source and citrate carbon source; requires thiamine addition vitamin 
aerobic; grows 20° 32° (best 32° C.), trace growth 10°C., 
none 


Type III (Cultures No. 38, 100) 

Young cultures show irregular rods including straight, curved, bent, and 
sometimes swollen forms; mostly 1-3 with occasionally longer 
cells; snapping division; predominantly Gram-positive; non-motile; older 
cultures coccoid round cells, approximately 0.7 mostly Gram-positive. 

Agar colonies small, circular, 1.2 mm. diameter, gray, becoming pale 
brown color; good growth agar slant, filiform, slightly raised, smooth, 
glistening, butyrous; gelatin stab culture, saccate liquefaction becoming 
stratiform, surface growth, moderate sediment, liquid clear; growth 
potato; milk shows change after four weeks; slight acidity from glucose, 
none from sucrose lactose. 

Starch not hydrolyzed; nitrates formed from nitrates; indole not produced; 
catalase positive; urease negative; can not utilize nitrate sole source 
nitrogen; requires biotin and thiamine addition vitamin aerobic; 
grows equally well temperatures between 20° and 32° C., only trace 
growth 10° C., growth 


Type (Culture No. 40) 

young cultures, rods varying size, mostly 1-3.5 cells 
may curved slightly swollen; snapping division giving angular arrange- 
ment; mostly Gram-positive, non-motile; older cultures cells coccoid, 
0.8 diameter, Gram-positive Gram-variable. 

Agar colonies, circular, mm. diameter, convex, entire, glistening, 
brown color; abundant growth agar slant, filiform, slightly raised, 
smooth, glistening, butyrous, light brown color; gelatin stab, stratiform 
liquefaction, brown surface growth, moderate sediment, slight turbidity; 
growth potato; change milk after four weeks; slight acidity from 
glucose and sucrose. 

Starch hydrolyzed; nitrites formed from nitrates; indole not produced; 
catalase positive; slight production urease; can utilize nitrate nitrogen 
source; unable utilize citrate sole source carbon with nitrate sole 
source nitrogen; requires biotin and thiamine addition vitamin 
aerobic; grows well between 20° and 32°C., trace growth 10°C., 
growth 37°C. 
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Type (Culture No. 62) 


young cultures, rods, straight curved, mostly 0.4-0.6 1-3 
snapping division giving angular arrangement; Gram-negative, non-motile; 
older cultures Gram-negative cocci, diameter. 

Agar colonies small, circular, 0.8 mm. diameter, convex, glistening, pink; 
agar slants show moderate growth, filiform, slightly raised, surface somewhat 
rough, waxy luster, soft cheesy consistency, salmon pink color; gelatin 
stab culture shows salmon colored surface growth but liquefaction; 
growth potato; change milk; acidity from glucose, sucrose, 
lactose. 

Starch hydrolyzed; nitrites produced from nitrates; indole not formed; 
catalase positive; urease negative; can not utilize nitrates sole source 
nitrogen; requires biotin and thiamine addition vitamin By; aerobic; 
grows from 20° maximum growth 32°C., growth 


Type (Culture No. 76) 

young cultures, short medium rods, straight slightly curved, with 
snapping division, mostly 0.6 0.8-2 Gram-positive Gram-variable; 
non-motile; older cultures, short rods, coccoid and round cells, 
0.7-1.0 mostly Gram-positive. 

Agar colonies punctiform; agar slant cultures, moderate growth, filiform, 
slightly raised with irregular surface, glistening, butyrous, cream colored; 
gelatin stab, saccate liquefaction, becoming stratiform, surface growth, 
abundant sediment, liquid clear; growth potato; milk slowly coagulated; 
acidity from glucose, sucrose, lactose. 

Starch not hydrolyzed; nitrates not reduced nitrites; indole not produced; 
catalase positive; urease negative; unable utilize nitrates sole source 
nitrogen; requires biotin and thiamine addition vitamin semi- 
synthetic medium riboflavin acts growth antagonist; aerobic; grows well 
between 20° and 32° (best 32° C.), growth 10° 


Type VII (Culture No. 30) 

young culture, rods varying length width extending curved, 
unbranched, non-motile filaments attaining length width, 
0.4-0.7 culture ages filaments break into shorter portions forming 
chain rods which later become dispersed; coccoids appear later process 
involving swelling ends rods produce dumbbell appearance, the 
connecting portion becoming thinner and finally disappearing, leaving coccoid 
round cells, approximately 0.8 older cultures coccoids usually some- 
what smaller, 0.6-0.7 all stages growth, Gram-negative. 

Agar colonies punctiform; agar slant cultures, moderate filiform, 
flat, smooth, glistening, soft butyrous, yellowish yellowish-brown color; 
gelatin stab, stratiform liquefaction, surface growth, moderate yellowish 
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sediment, liquid clear; growth potato; milk cultures, slow but eventu- 
ally strong digestion, liquid yellowish, reaction acid; acidity from glucose, 
lactose, slight alkalinity sucrose medium. 

Weak diastatic action starch; nitrites produced from nitrates; indole 
not formed; catalase positive; urease negative; unable utilize nitrate 
sole source nitrogen; requires biotin and thiamin addition vitamin 
semisynthetic medium riboflavin acts growth antagonist; aerobic; grows 


Type VIII (Culture No. 12) 

Cocci, occurring singly, pairs, short chains, and groups; 
diameter; Gram-negative (in some preparations minority the cells may 
Gram-positive); non-motile. 

Agar colonies circular, 1.8 mm. diameter, convex, entire, opaque, 
glistening, gray-white; agar slant cultures, moderate growth, filiform, slightly 
raised, smooth, glistening, butyrous, cream colored; gelatin stab, stratiform 
liquefaction, surface growth, slight sediment, liquid turbid; growth 
potato; milk slowly coagulated with some clear liquid near top, pale brownish 
color, reaction acid; growth enhanced presence carbohydrates, slight 
acidity from glucose, sucrose, and lactose. 

Starch hydrolyzed; nitrites formed from nitrates; indole not produced; 
catalase positive; urease negative; unable utilize nitrate sole source 
nitrogen; requires thiamine addition vitamin aerobic; grows well 
between 20° and 37° C., slight growth 10°, growth 45° 


Type (Culture No. 54) 

Cocci, occurring singly, pairs, short chains, and groups; 
diameter; Gram-variable; non-motile. 

Agar colonies punctiform; agar slant cultures, moderate growth, filiform, 
surface irregular, slightly glistening, membranous consistency, cream 
gelatin stab, stratiform liquefaction, slight surface growth, slight sediment, 
liquid faintly turbid, viscid; potato, slight, filiform, orange-colored growth, 
becoming rough and dry; change milk after four weeks, older cultures 
show some sediment and gray-brownish discoloration and become viscid; 
growth enhanced, with acid production presence glucose and sucrose, not 
with lactose. 

diastatic action starch; nitrites formed from nitrates; indole not 
produced; catalase positive; urease negative; unable utilize nitrate sole 
source nitrogen; requires biotin and thiamine addition vitamin By; 
absence By, slight growth with methionine and thymidine; aerobic; 
grows between 20° and 37° (best 32° 37°), growth 10° 45° 


Type (Culture No. 86) 


Cocci, occurring singly, pairs, short chains, and groups; 
diameter; Gram-variable; non-motile. 
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Agar colonies circular, mm. diameter, convex, entire, glistening, 
gray-cream colored; agar slant growth moderate abundant, filiform, 
slightly raised, surface smooth and glistening, cream colored; gelatin stab, 
saccate liquefaction becoming stratiform, surface growth, slight sediment, 
liquid turbid; growth potato; milk coagulated with slightly pink colora- 
tion, reaction acid; growth enhanced presence sugars, slight acidity 
from glucose. 

Starch hydrolyzed; nitrites produced from nitrates; indole not formed; 
catalase positive; urease negative; able utilize nitrate source nitrogen 
and citrate sole carbon source; requires biotin and thiamine addition 
vitamin aerobic; grows well between 20° and 37° (best 32°), slight 
growth 10° C., growth 45° 


Observations 


Previous reports (9, 10) had drawn attention the occurrence soil 
considerable numbers bacteria, estimated approximately 
four eight million per gram the soil under investigation. Vitamin 
known occur soil, its presence being attributable the decom- 
position organic matter animal origin, well its synthesis 
soil microorganisms, many which have been shown possess this 
ability. That many forms are dependent upon the vitamin, therefore, not 
surprising. 

Results the present study suggest that many types soil bacteria 
responding show high degree specificity their requirement for this 
vitamin essential nutrilite. That this appeared the case with nine 
the types described believed due the highly selective procedure 
employed the nutritional differentiation the cultures following their 
isolation from soil. This involved the separation, distinct group, 
organisms responding factor factors occurring soil extract but not 
present yeast extract. 

That six the types bacteria described were considered members 
the genus Arthrobacter further evidence supporting the belief that the 
‘soil diphtheroids’ constitute important proportion the indigenous 
microflora the soil. Though the type species, Arthrobacter globiforme, has 
relatively simple nutritional requirements, being able develop with inorganic 
nitrogen and requiring added accessory growth substances (3), other species 
which show close taxonomic relationship morphological criteria have 
specific vitamin demands and include the forms described the present study 
well others with highly specific growth factor requirements (8). That 
such fastidious organisms have not been generally recognized believed 
ascribed the use inappropriate media for the enumeration, isolation, and 
study the soil bacteria many which are dependent upon one more 
the many growth factors present soil extract. 
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THE ISOLATION MYCOBACTERIUM TUBERCULOSIS 
FILTRATION TECHNIQUE FROM CEREBROSPINAL FLUID! 


Abstract 


Collection filter membrane routine culture method has proved 
great advantage the isolation Mycobacterium tuberculosis from the cerebro- 
spinal fluid. Its use, during combined intrathecal treatment with streptomycin 
and Purified Protein Derivative tuberculin, shows that the organisms persist 
for unexpectedly long time the cerebrospinal fluid. some instances, 
focal reaction P.P.D. seems liberate tubercle bacilli from the lesions into 
the fluid. Direct culture C.S.F. Loewenstein medium gave less than two 
specimens per patient and positive cultures later than the second 
week treatment. Filtration gave more profuse growth and persistence 
positive cultures during treatment for long weeks some cases. 


the beginning this investigation, the ordinary culture method 
Loewenstein slopes was used isolate tubercle bacilli from the cerebrospinal 
fluid tuberculous meningitis patients, inoculating each four tubes with 
cc. from every specimen received. The results were not satisfactory. 
Out patients, only were proved bacteriologically culture. The 
intrathecal administration Purified Protein Derivative (P.P.D.) 
tuberculin, associated with intramuscular and intrathecal streptomycin, was 
introduced Smith and Vollum (6) new method therapy tuberculous 
meningitis. This treatment has been used the Alexandra Hospital since 
July 1950. Tubercle bacilli were recovered only before during the earliest 
stages intrathecal treatment, that the average number isolations was 
less than two positive cultures per patient. Although the bacteriological 
findings became negative during the first days treatment, biochemical tests 
the cerebrospinal fluid still indicated pathological processes the meninges, 
and the clinical symptoms were still present. 

Failure culture Mycobacterium tuberculosis ordinary methods led 
attempt the recovery tubercle bacilli present the cerebrospinal fluid 
tuberculous meningitis patients other methods. Using Zsigmondy’s (9) 
membrane filters, Citron (1) isolated tubercle bacilli from urines. From 
cerebrospinal fluids tuberculous meningitis patients, Tietz and Heepe (8) 
and Pothmann, Hubert, and Wilms (5) stained and demonstrated tubercle 
the membranes. Kunzel (4) cultured Mycobacterium tuberculosis 
membrane filters from various pathological specimens, such sputum, pus, 
puncture fluids. Hawirko and Murray (2, recovered tubercle bacilli from 
sputa oil partition and collected them membrane filters. They demon- 
strated the bacilli microscopic examination the membranes, well 
culture and animal inoculation. 


Manuscript received November 16, 1954. 


Contribution from the Alexandra Hospital, Montreal, Quebec, and the Department 
Bacteriology Immunology, McGill University, Montreal, Quebec, 
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The method collecting Mycobacterium tuberculosis from the cerebrospinal 
fluid patients Zsigmondy membrane filters was started February 1952 
and adopted routine culture method because greatly improved the 
bacteriological findings. The certain isolation and identification tubercle 
bacilli essential exact diagnosis and necessary for appreciation 
treatment; some reliable quantitative measure the rate appearance 
bacilli must followed during the treatment establish the correlation 
between the intrathecal P.P.D. injection and the bacteriological findings. 
Such reliability required determine the effectiveness the dose 
other drugs used and appreciate the sensitivity them 
the isolated tubercle bacilli, before and during treatment dependable 
method also essential for the examination the clinically recovered patients, 
order establish bacteriological control clinical impressions. 


Materials and Methods 


From July 1950 date, children were admitted the hospital 
because tuberculous meningitis. The patients were given three courses 
treatment, with one week rest between each course. They received 
intrathecal injections streptomycin daily for consecutive days during 
the first course treatment, and every second day for the next 160 days 
the second and third course therapy. When general and meningeal 
reaction the administration intrathecal P.P.D. followed within hr., 
P.P.D. was then injected every four days. When reaction occurred the 
dosage P.P.D. was doubled and injected every two days, until reaction 
occurred. Cerebrospinal fluids from patients with tuberculous meningitis 
were sent the laboratory before treatment, least admission, and 
usually every day for the first days therapy; thereafter they were sent 
every second day for the next 160 days. From the patients considered 
clinically cured and discharged from hospital, specimen was received 
every two weeks for the first two months; then once month for two months, 
and thereafter once every four months. 

the beginning this investigation, specimens from patients were 
cultured directly Loewenstein medium slopes. Five patients had their 
cerebrospinal fluids cultured simultaneously both the filtration method and 
directly Loewenstein slopes. Filtration technique was used exclusively 
routine method patients. 


Technique 


Membrane filters, porosity No. cm. diameter, made Membrane 
Filter Gesselschaft, Germany. were used. The membrane, 
supported filter paper, was placed stainless steel bacteriological filter, 
and autoclaved 120° for min. Cerebrospinal fluid was filtered through 
the membrane using negative pressure ca. 300 mm. mercury. The 
membrane was planted Loewenstein medium and incubated 37° 
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Results and Discussion 


Cerebrospinal Fluids Cultured Directly Loewenstein Medium Slopes 

Cerebrospinal fluids patients were cultured directly Loewenstein 
medium slopes. these patients, received mgm. intrathecal 
streptomycin every day for the first days treatment and every second 
day for the next 160 days; three patients had mgm. given daily for 
days and every second day make weeks, weeks, weeks, 
respectively, and thereafter mgm. every second day for the remainder 
treatment; for one patient the general scheme was followed with the dose 
reduced mgm. throughout his course. Nine out these patients 
had been given intrathecal streptomycin for varying times from one week 
eight months other hospitals and none these gave positive cultures 
admission during least seven months observation and continued 
treatment. all but two these patients, tubercle bacilli were either 
isolated culture demonstrated direct smear from the cerebrospinal 
fluids elsewhere, before admission. these nine cases died; one the 
diagnosis tuberculous meningitis was proved only autopsy, while the 
other tubercle bacilli had been found elsewhere. 

Seven the patients were admitted the onset tuberculous meningitis 
before intrathecal treatment was started. Cerebrospinal fluids were cultured 
directly Loewenstein medium slopes prior and after intrathecal strepto- 
mycin and P.P.D. treatment. Positive cultures were obtained from all 
specimens taken before treatment was started, with the exception one; 
from this one patient did not isolate tubercle bacilli any occasion, but 
was proved tuberculous autopsy. tuberculosis was 
found specimen taken during the second week intrathecal treatment 
from only one patient. 

Tubercle bacilli are often rather scarce the cerebrospinal fluids and the 
results obtained ordinary culture methods were not satisfactory. From 
only 75% the patients were tubercle bacilli recovered; mone were recovered 
beyond the second week treatment, not even from the patient who received 
only 25-mgm. doses intrathecal streptomycin for the duration therapy. 
Generally the cerebrospinal fluids showed growth 
tuberculosis soon intrathecal streptomycin injection was started, and the 
average number isolations was less than two positives per patient. 


Cerebrospinal Fluids Cultured Simultaneously Membrane Filters and 
Directly Loewenstein Medium Slopes 

Cerebrospinal. fluids from five patients were cultured simultaneously 
membrane filters and directly Loewenstein medium slopes (see Table 
All these patients received mgm., per dose, intrathecal streptomycin. 
Three the patients died shortly after admission, but all five patients the 
incidence positive cultures and the number colonies tubercle bacilli 
the membrane filter were greater than the direct method Loewenstein 
slopes. Before treatment was started the cerebrospinal fluid one child 
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was cultured directly Loewenstein medium only; the other four had their 
specimens cultured both methods. Three them were positive 
membrane filter and direct inoculation Loewenstein medium, and one 
membrane filter only. During treatment all the specimens from the five 
patients were positive membrane filter only. one the two surviving 
children tubercle bacilli could recovered from the cerebrospinal fluids 
after the first week treatment and the other remained consistently positive 
only membrane filter until the fourth week the second course 
treatment. 


Cerebrospinal Fluids Cultured Membrane Filters Exclusively 

Filtration technique was used routine method the isolation 
Mycobacterium tuberculosis from the cerebrospinal fluid tuberculous 
meningitis patients. All received mgm. doses intrathecal streptomycin 
mgm. they were under two years age. Four them died, were 
discharged cured, and are still under treatment. 

One patient died the seventh day after admission and five cultures out 
six showed growth Mycobacterium tuberculosis (see Table Two 
patients survived one month and two months respectively after treatment was 
started; from the first them positive cultures were obtained out 
specimens and from the second, four during the first six weeks therapy. 
baby died the ninth month intrathecal treatment, and during the first 
seven months tubercle bacilli were isolated times from her cerebrospinal 
fluid. this baby, who entered the hospital because miliary disease, 


TABLE 
CULTURED ONLY MEMBRANE FILTER, FROM PATIENTS WHO DIED 


During I course of treatment 


During I to V Total No. 
name and Week Week Week Week Week Week course treatment* cultures 


Died 

No. B.C., years 

No. A.N., years 

No. C.S.F. tested 


No. D.B., months This patient died the ninth month intrathecal treatment. During 
the first seven months tubercle bacilli were isolated times from her 
cerebrospinal fluid 


indicates cerebrospinal fluid, indicates growth. 
All the specimens received during the second course treatment were partially clotted and 
was incomplete. 
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could date the onset tuberculous meningitis. The first lumbar puncture 
was performed the end her first week the hospital, which time there 
were meningeal signs whatsoever, and the cerebrospinal fluid was sent 
the laboratory for bacteriological control; four more cerebrospinal fluids 
were sent weekly intervals. The biochemical findings were normal all 
five specimens and there was only slight increase the number cells. 
Yet two out the five cerebrospinal fluids (the second and the fifth week 
specimens) showed growth Mycobacterium tuberculosis, although the growth 
was much less than that found from cases with evident clinical meningitis. 
Bacteriological diagnosis was established the patients that were 
discharged cured (see Table III). From one the two patients whom 


TABLE III 
C.S.F. CULTURED MEMBRANE FILTER ONLY, FROM PATIENTS DISCHARGED CURED 


During course treatment During course 
treatment Total No. 


Week Week Week Week Week Week Week Week 


No. of positive cultures 2 - - > - 2 
No. 11. H.J., years 
No. 12. G.W., years 
No. 13. L.P., 12 years 
No. of C.S.F. tested 4 7 7 7 7 7 7 3 4 
No. 14. P.S., 
No. 15. R.L., 3 
No. of C.S.F. ae 3 7 7 7 7 7 7, 3 4 
No. of positive cultures 3 a 1 - - - - - - 8 
No. 16. E.S., 11 years 
No. C.S.F. tested 3 7 7 7 7 7 3 4 
No. 18. R.B., months 
no of C.S SF. tested 1 7 7 6 7 . 6 3 - 
No. 19. J.M., 8 
No. 20. M.L., months 
No. 21. B.R., years 
No. 22. J.B., years 
No. 23. D.A., years 


C.S.F. indicates cerebrospinal fluid, indicates growth. 
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tuberculous meningitis was not bacteriologically proved, unindentifiable 
acid fast organism was isolated. The second was treated elsewhere, before 
admission the Alexandra Hospital, with intrathecal streptomycin for six 
months without bacteriological evidence any time tuberculous meningitis. 
five patients obtained only from one three cultures 
tuberculosis. One the patients was seriously ill, the other four only mildly, 
and three these the diagnosis tuberculous meningitis was doubt 
until the bacilli were isolated. 

five other patients positive cultures were obtained. From four 
children tubercle bacilli were cultured 18, 21, 21, and times during treat- 
ment. These findings filtration contrast strongly with the results direct 
culture Loewenstein slopes, which isolation was possible during 
treatment with streptomycin and with only average less than two positive 
cultures per case. The medium not implicated because the membranes 
were planted the surface Loewenstein’s medium. should pointed 
out that the difference results the two methods remains, although the 
intrathecal streptomycin was reduced from mgm. mgm. per dose, 
according the child’s age, prior the introduction the filtration technique. 
However, the improved method isolation may indicate need for revision 
the course treatment. 

All the children still under treatment were proved have tuberculous 
meningitis repeated isolations, and from two growth has been frequent 
during the whole six weeks treatment, while another one gave positive 
cultures during weeks. Final results cannot given yet, because the 
the full series tests has not been completed. 


From the proved tuberculous meningitis patients, whose cerebrospinal 
fluid membrane filters were used, Mycobacterium tuberculosis could isolated 
for different lengths time during treatment (see Tables II, III). 
Mycobacterium tuberculosis was not usually cultured beyond the fourth week 
treatment from the cerebrospinal fluid patients who had evident clinical 
improvement. One exceptional case remained seriously ill for seven weeks, 
but had positive cultures only once, the first week treatment, although 
his cerebrospinal fluid was cultured every day during all this period. the 
seven fatal cases cultures were obtained almost throughout the period 
illness. 

difficult correlate the incidence positive cultures with the reaction 
following P.P.D. Such reaction specific tuberculin reaction Swithin- 
bank, Smith, and Vollum (7) have demonstrated recent paper. Tubercle 
bacilli were not isolated before intrathecal P.P.D. was started four our 
patients. one these, positive cultures appeared only when P.P.D. 
injection was followed reaction, while growth occurred its absence. 
another, greater number positive cultures were obtained during P.P.D. 
reaction then when reaction did not take place. fifth patient had two 
positive cultures three and one colonies respectively before P.P.D. was 
started and after two injections P.P.D. not followed reaction the positive 
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cultures showed only two and one colonies; strong meningeal and general 
reaction third dose P.P.D. resulted culture his cerebrospinal 
fluid giving colonies tuberculosis. 


Conclusions 


The filtration technique for the isolation tuberculosis from 
the cerebrospinal fluid tuberculous meningitis patients shows great improve- 
ment over methods used previously. The technique shown effective 
detecting tubercle bacilli, when the meningeal reaction minimal and the 
bacilli presumably few number. tuberculosis was repeatedly 
isolated and for long periods time during treatment from many patients. 

four patients Mycobacterium tuberculosis was isolated only after P.P.D. 
administration and fifth there was evident liberation tubercle bacilli 
after the tuberculin reaction took place. These observations are significant 
because they indicate the effect P.P.D. and suggest its importance the 
treatment tuberculous meningitis. 
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ARGININE DEGRADATION 
MICROCOCCUS PYOGENES VAR. 


ALBERT JACKSON AND ARTHUR PASIEKA 


Abstract 


Whereas intact cells number strains pyogenes var. aureus rapidly 
degrade arginine ornithine with observable accumulation citrulline, the 
latter amino acid almost the sole ninhydrin-positive product arginine 
degradation acetone-dried cells this species. Recovery the products 
arginine degradation shows that arginine degraded ornithine intact cells 
with the liberation two moles ammonia and one carbon dioxide and 
citrulline acetone-dried cells with the liberation ammonia. concluded 
from the above observations that degradation arginine ornithine 
pyogenes var. aureus proceeds via citrulline. Maximum activity arginine- 
desimidase was observed 6.5 and the quantity enzyme within the cells 
was found depend the arginine concentration the growth medium, with 
maximum enzyme formation about 100 y/ml. arginine. 


Recent studies bacterial degradation arginine indicate that this amino 
acid converted ornithine two-step process which citrulline appears 
intermediate. The enzyme system responsible for this decomposition 
has been investigated some detail Streptococcus faecalis (8, 11, 16), 
Clostridium perfringens (15), and lesser detail Streptococcus lactis (9). 
all these studies, the evidence presented indicates that the total decom- 
position arginine ornithine occurs the result the action least 
two enzymes. The first, arginine-desimidase, removes the imide group 
form ammonia and citrulline, while the second, citrulline-ureidase, degrades 
citrulline ammonia, carbon dioxide, and ornithine. 

Detailed studies the degradation arginine Micrococcus pyogenes 
var. aureus have not been published date. Tomota (17) and Hills (4) 
have shown that this species capable decomposing arginine but did not 
identify the products decomposition. Lominski, Morrison, and Porter (10) 
obtained evidence that citrulline accumulated medium which 
pyogenes var. aureus had grown for five seven days and that arginine 
disappeared from the medium during this period. 

During studies this laboratory the action antibiotics bacterial 
metabolism, was observed that arginine disappearance from culture media 
used for the growth pyogenes var. aureus was inhibited penicillin. 
was considered interest, therefore, study the pathway arginine 
breakdown this organism, and the results reported this communication 
indicate that arginine degraded ornithine via citrulline. 

Manuscript received January 1955. 


Contribution from the Laboratory Hygiene, Department National Health and 
Welfare, Ottawa, Canada. 
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Materials and Methods 


Media 

Evans’ (3) basal medium, modified contain gm. amino acids per liter 
(added vitamin-free casein was employed unless otherwise 
stated. 


Arginine-free Medium 

Vitamin-free casein was freed arginine the ion exchange 
method Block tests (14) indicate that the effluent from the 
column did not contain more than arginine per ml., which when added 
the remaining components Evans’ (3) basal medium equivalent less 
than 0.05 arginine per ml. the final medium. Histidine and lysine, 
which are also removed the resin, were replaced give and mgm. 
per liter respectively, the final medium. 

All media were made quadruple strength and sterilized passage 
through sintered glass filters (Pyrex U.F.). 


Bacterial Cultures 

Cultures pyogenes var. aureus employed include 209p (A.T.C.C. 
6538p), and number strains human origin isolated from hospital 


Preparation Cell Suspensions 

order obtain adequate quantities young cells, which have been 
found exhibit greater arginine-desimidase activity than older cells, cultures 
the basal medium were incubated overnight harvested, resus- 
pended fresh medium, and incubated for 2.5 hr. Young cells were 
then harvested centrifuging and washed once phosphate buffer the 
same molarity and that used for the experiments described below. 


Amino 

L-Arginine, L-citrulline, and L-ornithine were each shown chemical tests 
and chromatography paper essentially free (less than 0.1%) from 
contamination the other two amino acids this group. 


Acetone-dried Cells 
Cells were acetone-dried the manner described Oginsky and Gehrig 
(11), the cells being recovered sintered-glass filter. 


Chemical Methods 
Preparation Samples 
Samples taken for analysis were added quantity 2.5 acetic acid 
equivalent 1/10 the volume sample, centrifuged within five minutes, 
and aliquots the clear supernatant fluids used. 
Obtained from General Inc. 
are indebted Dr. Bynoe this Laboratory, who made these cultures 


hydrochloride and obtained from General Biochemicals Inc., and 
L-ornithine dihydrochloride from Nutritional Biochemicals Corporation. 
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Chemical Determinations 

Arginine was determined the Sakaguchi (14) test modified Weber 
(18), citrulline the method Kawerau (7), and ornithine the procedure 
Chinard Ammonia was determined direct nesslerization. 


Results 


Arginine Degradation pyogenes var. aureus 

Suspensions young cells number strains pyogenes var. aureus 
all degrade arginine (Table I), although there considerable, variability 
between independently isolated cultures this respect. During the period 
one hour, under the conditions this experiment the quantity arginine 
disappearing varied between and per 0.25 mgm. intact cells 
(dry weight) depending upon the strain used. 


TABLE 
ARGININE DEGRADATION pyogenes VAR. aureus 


Arginine destroyed 


Strain hr., y/ml. 
209p 6.5 
4.0 
8.0 
399 17.0 
811 19.5 


Young (2.5 hr.) cells suspended 0.05 phosphate buffer, 
7.2, 150 (0.25 mgm., dry weight per 
milliliter) and incubated Arginine added 
solution give digestion mixture. 


and 

Since preliminary tests had shown that cells pyogenes var. aureus can 
dried the cold with acetone without loss arginine-desimidase 
activity, suspension cells previously dried this manner was employed 
for the determination the effect the activity this enzyme. 
Aliquots heavy suspension dried cells water were added 0.2 
phosphate buffers give the final levels indicated Fig. and the 
arginine-desimidase activity determined. The optimum for the enzyme 
occurs 6.5 and the activity decreases rapidly below 6.1 and above 
7.4. The for optimum activity this enzyme pyogenes var. 
somewhat lower than that reported (12) for the corresponding 
enzyme faecalis (pH 6.8) and approximately the same that given for 
the conversion arginine ornithine perfringens (15). 


The Adaptive Nature Arginine-desimidase 
Although Hills (4) concluded that arginine not adaptive 
pyogenes var. aureus, was found the present studies that when arginine 
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ARG. INGROWTH MEDIUM 


Fic. Effect enzyme activity. Acetone-dried suspensions young cells 
(Strain, L.H. 811) added phosphate buffers give levels indicated final sus- 
pension. Phosphate 0.10 final suspension, cell density 0.1 mgm. dry weight per 
milliliter, arginine added solution, final concentration Incubation period 
37°C. Plotted values average duplicate digestions. 


Fic. response arginine-desimidase arginine. Suspensions young 
cells (Strain, L.H. 811) harvested from media containing indicated concentration 
arginine, adjusted equal densities (0.2 mgm. dry weight per milliliter) 0.05 
ncubation period 0.5 hr., 37°C. Plotted values average duplicate digestions. 


was inadvertently omitted from the medium, young cells harvested from this 
medium possessed little arginine-desimidase activity. Cells harvested 
from samples media containing varying quantities arginine exhibited 
increasing enzyme activity the level arginine the medium was increased 
approximately per ml. (Fig. this concentration 
arginine caused little further increase the enzyme activity the cells. 
Since the addition optimum quantities arginine the growth medium 
caused least fourfold increase arginine-desimidase activity the cells 
harvested compared those obtained from the arginine-free medium, this 
appears instance partial adaptive-enzyme (6) response substrate. 
The use growth media containing 100 per ml. arginine made possible 
obtain cell suspensions with uniform arginine-desimidase activity. 


Degradation Arginine Intact and Acetone-dried Cells 

was observed some preliminary experiments that ornithine did not 
accumulate during the degradation arginine acetone-dried cells 
pyogenes var. aureus. the degradation arginine intact and 
acetone-dried cells was compared. Samples taken the beginning and the 
end the digestion period, together with solutions appropriate purified 
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Fic. degradation intact and acetone-dried cells pyogenes var. 
aureus. Cells suspended phosphate buffer, 7.2, incubated 37°C. Original 
concentration reaction mixture components, L-arginine, 60-y/ml.; cells, 0.15 mgm. 
per ml. (dry weight); buffer0.05 Samples No. and digested with acetone-dried 
cells; and with intact cells; and taken zero time; and after incubation 
for one hour; and 18, and L-ornithine, respectively, chromatographed for 
identification products. 
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amino acids assist the identification the products arginine degrada- 
tion, were subjected descending paper-chromatography, using the apparatus 
and solvents described Woiwod (19). Typical chromatograms are shown 
Fig. will seen that acetone-dried cells convert arginine almost 
exclusively product which occupies position the chromatogram 
corresponding that citrulline, whereas the main product arginine 
degradation intact cells appears ornithine. These results suggest 
that citrulline intermediate the degradation arginine ornithine 
pyogenes var. aureus and hence least two enzymes would appear 
involved. keeping with the suggestion Slade (16), these will 
referred here arginine-desimidase (5) which attacks arginine give 
citrulline, and citrulline-ureidase which acts citrulline give ornithine. 


Chemical Estimation the Products Arginine Degradation 

Further evidence for the degradation arginine ornithine via citrulline 
was obtained chemical analyses these products. Intact cells three 
strains pyogenes var. aureus degraded arginine completely ornithine 
(Table since neither arginine nor citrulline could detected after two 
hours’ incubation these cells with added arginine and approximately 80% 
the theoretical yield ornithine was found the supernatant fluid. 
Ammonia and carbon dioxide were found near theoretical amounts. 


TABLE 


PRODUCTS ARGININE DEGRADATION pyogenes VAR. aureus 


Products found, 


Arg. 
Expt. No. Cult. No. Arginine Citrulline Ornithine NH; CO, 
Intact cells 

811 0.23 Nil Nil 0.18 0.53 

399 0.23 Nil Nil 0.18 0.53 

703 0.23 Nil Nil 0.19 0.59 

Acetone-dried cells 

703 0.22 Nil 0.20 0.02 0.38 

811 0.22 Nil 0.19 0.02 0.40 


Arginine added and carbon dioxide and recovered are reported the total per 
after incubation for one hour 37° 


suspensions (2.5-hr.-old cells, intact, suspended 0.05 phosphate buffer, 
containing approximately mgm. cells, dry weight per milliliter and ml. L-arginine 
Solution added sndicated concentration substrate per milliliter. 

Experiment Warburg flasks containing: 3-ml. cells (0.68 mgm. cells per ml. dry weight) 
suspended 0.05 phosphate buffer 6.9; 1.15 arginine 0.2 ml. water and 
0.2 ml. acid added arms double sidearm flask. Total carbon dioxide 
determined conventional technique with adequate controls. 


Experiments and for two hours 37° C., 30-ml. cell 
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Acetone drying these cells apparently inactivates the system this 
organism responsible for degradation citrulline ornithine since addition 
the observed accumulation citrulline when arginine added substrate 
these preparations are uniformly inactive toward added citrulline. Addition 
adenylic acid and which have been shown essential for the 
activity citrulline-ureidase other organisms (16, 13), failed activate 
the acetone-dried cells pyogenes var. aureus. 

Identification the ninhydrin-positive products arginine degradation 
these experiments citrulline and ornithine based the results paper 
chromatography and chemical tests. The color formed when the products 
arginine degradation acetone-dried cells are heated with the biacetyl 
reagent (7) identical that produced citrulline and this reagent. 

Although proline interferes with the determination ornithine the 
method employed (2), the product obtained from arginine degradation 
intact cells has 0.17 paper chromatograms which the value 
obtained with ornithine, whereas the value for proline 0.36 and spot 
this area was observed. 

The recovery products arginine degradation intact and acetone- 
dried cells, shown Table II, together with the paper chromatograms 
material obtained from similar experiments, indicates that arginine degraded 
pyogenes var. aureus ornithine, carbon dioxide, and ammonia, and 
that citrulline intermediate. Intact cells attack citrulline very slowly, 
but measurable rate. Further studies the degradation citrulline 
pyogenes var. aureus are progress. 


Discussion 


Evidence has been presented which strongly indicates that degradation 
arginine pyogenes var. aureus proceeds via citrulline ornithine and 
hence follows the pathway established for faecalis (8, 11, 16) and per- 
fringens citrulline when acetone-dried cells were used 
degrade arginine made possible demonstrate that citrulline 
intermediate the conversion arginine ornithine intact cells this 
species. Although citrulline has previously been found (10) accumulate 
media which pyogenes var. aureus had been cultured, ornithine, carbon 
dioxide, and ammonia have not previously been identified end products 
arginine degradation this organism. 

Contrary Hills (4), who concluded that the enzyme responsible for the 
degradation arginine pyogenes var. aureus not adaptive, has been 
found the present study that arginine-desimidase least partially 
adaptive under the conditions these experiments. The use young ceils 
hr.) the present study compared with 18-to 24- and 72-hr. cultures 
employed Hills (4) may account for the difference between tht observations 
the latter and the present authors. 


JACKSON AND PASIEKA: BACTERIAL DEGRADATION ARGININE 345 


References 


new method for the separation the basic amino acids from protein 
hydrolysates. Proc. Soc. Exptl. Biol. Med. 252-253. 1942. 

Photometric estimation proline and ornithine. Biol. Chem. 199: 

Evans, Studies with special reference the coagulase positive 
types. Bacteriol. 793-800. 1948. 

Ammonia production pathogenic bacteria. Biochem. (London), 
1057-1069. 1940 

Horn, Uber den des Arginins Citrullin durch Bacillus pyocyaneus. 
Physiol. Chem. 216 244-247. 1933. 


Enzymatische Adaptation bei Mikroorganismen. Ergeb. Enzymforsch. 


1937-38. 

analyses with the Spekker absorptiometer. Estimation 
urea, citrulline, allantoin and related carbamido compounds. Sci. Proc. Roy. 
Dublin Soc. 63-70. 1946. 


coccus faecalis. Biochem. (London), XXX-XXXI. 


and WERKMAN, Bacterial metabolism arginine. Arch. 


Biochem. and Biophys. 233. 1952. 


aureus arginine-containing medium. Biochem. (London), XVII. 


is. Identification citrulline intermediate. Biol. Chem. 198 
791-797. 1952. 


The decomposition citrulline. Biol. Chem. 204 721-729. 


1925; cf. Chem. Abstracts, 3506 


Clostridium (BPGK). Biol. "Chem. 198 


H.D. Hydrolysis arginine soluble enzymes Streptococcus Arch. 


Biochem. and Biophys. 204-211. 1953. 


Bacterial arginase. Distribution bacterial arginase. Biochem. 


(Japan), 307-315. 1940; cf. Chem. Abstracts, 1941. 


tion arginine. Biol. Chem. 217-222. 1930. 


technique for examining large numbers bacterial culture filtrates 


partition chromatography. Gen. Microbiol. 312-318. 1949. 


9 
| 


346 


THE FORMATION PHOSPHORYLATED SUGARS FROM 
D-XYLOSE EXTRACTS PSEUDOMONAS 


Abstract 


The first phosphorylated product formed from cell-free extracts 
Pseudomonas hydrophila has been shown D-xylulose phosphate. This 
and other phosphorylated compounds derived from have been identified 
chromatography using specific color sprays, spectrophotometric analysis, and 
the formation several pure, crystalline derivatives the free sugars after 
dephosphorylation with acid phosphatase. The present data support the follow- 
ing initial pathway utilization (anaerobic): D-xylose D-xylulose 
phosphate D-ribulose phosphate phosphate sedoheptu- 
lose phosphate. 


Introduction 


The work Hele (22) first suggested that D-xylose may phosphorylated 
although distinction was made that time between the glucose and the 
xylose phosphorylating enzymes animal tissues. 

report from this laboratory (26) described, extracts Pseudomonas 
hydrophila, specific kinase distinct from hexokinase, which was shown 
catalyze phosphorylation when D-xylose was the added sugar. Lampen (40) 
and Ley (14) have found similar enzyme Lactobacillus pentosus and 
Aerobacter cloacae respectively. The initial product phosphorylation was 
first described only acid-stable pentose phosphate (26). Later, using 
pentosus extracts, Lampen (41) identified the chief 
product this system, bearing out his earlier suggestion (40) that xylose 
metabolism this organism proceeds via ribose phosphate intermediates. 
Phosphates xylose xylulose were not detected Lampen (41, see also 8). 

Recent work (25, 27, 44) has shown that the extracts used the phos- 
phorylation studies mentioned above contained not only kinase but also 
specific isomerase which catalyzes the equilibrium reaction: D-xylose 
communication (24) evidence has been presented 
show that D-xylulose was the actual substrate the phosphorylation. 

This paper reports the identification series phosphorylated com- 
pounds formed from cell-free extracts hydrophila. The data 
obtained have been used put forward scheme for the initial stages the 
metabolism D-xylose this organism under the conditions used 
this study. 


Materials and Methods 
Sugars and Nucleotides 
D-Xylose, D-ribose, D-arabinose, and were products. 
was prepared the method Abdel-Akher, Hamilton, and 
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Smith was obtained oxidation with Aceto- 
bacter suboxydans (20). was stored sirup 0°C., 
resulted the formation small amount D-xylose which was 
removed bromine oxidation followed adsorption the resultant xylonic 
acid ion exchange resin. D-Ribulose was prepared epimerization 
D-arabinose (17) followed purification through ion exchange columns. 
Bromine oxidation and ion exchange treatment were used routinely remove 
any D-ribose that was formed epimerization during storage. 


Samples monohydrate, D-ido-heptulosan, and L-gulo- 
heptulosan hemihydrate were generously supplied Dr. Richtmyer, 
National Institutes Health, Bethesda, 
was provided Dr. Jones, Queen’s University, Kingston, Ont. 
The heptulosans were converted the equilibrium mixture (39) containing 
the free heptulose heating with acid (48, 54). sample 
5-phosphate (Ba) was kindly supplied from the Levene Collection Dr. 
Mirsky, Rockefeller Institute for Medical Research, New York 
City, 

The disodium salt adenosinetriphosphate (ATP) and the monosodium 
salt uridinetriphosphate (UTP) used this work were both manufactured 
Pabst Brewing Co. The adenosinediphosphate (ADP) and adenosine- 
monophosphate (AMP) were products the Sigma Chemical Co. 


Enzyme Preparations 

(a) Acetone were prepared previously described (25). 
known weight powder was ground agate mortar with distilled 
water before use. Such preparations were employed for manometric 
experiments only. 

(b) Acetone powder prevent the possible formation pentose 
phosphate enzymatic hydrolysis nucleoprotein and nucleic acid, these 
substances were removed from the enzyme preparations (10, 28, 45) 
follows: 800 mgm. acetone powder was suspended ml. distilled water, 
ground agate mortar, and centrifuged approximately 12000 r.p.m. for 
min. (Sorvall Angle Centrifuge). The precipitate was discarded. The 
supernatant was treated with ml. MnCl, and refrigerated for min. 
(with occasional stirring). The insoluble nucleoprotein complex was removed 
centrifugation and ml. protamine sulphate was then added the 
supernatant. The mixture was allowed stand room temperature for 
min. (with occasional stirring) followed refrigeration for min. The 
insoluble nucleic acid complex was removed centrifugation 13000 r.p.m. 
and the supernatant either used such dialyzed against several 
changes 0.005 phosphate buffer (pH 7.5) for approximately hr. 
(16 liters) followed further dialysis against 0.002 bicarbonate buffer 
(pH 7.4) for two hours liters). 
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(c) Fresh were prepared also previously described (25) 
except that the supernatant solution obtained after sonic oscillation was used 
directly instead preparing acetone powder from it. Thus, ml. 
supernatant was treated with ml. MnCl, and ml. protamine 
sulphate, and the final extract dialyzed for hr. outlined above. 

(d) phosphatase.—This was prepared modification the method 
Cohen (11). One hundred grams (Schwarz Laboratories, 
New York) was dissolved 500 ml. 0.05 acetate buffer, 4.0 (main- 
tained C.), and the ammonium sulphate fraction precipitating between 
80-95% saturation was collected. This precipitate was dissolved ml. 
acetate buffer and dialyzed overnight against total liters 0.002 
acetate buffer (pH 4.0) 4°C. The volume phosphatase preparation 
thus obtained was approximately 35-40 ml. The preparation did not 
catalyze interconversion free ketopentoses but contained considerable 
5’- and activities and catalyzed the formation adenosine 
from ADP. The latter was most useful finding (see 


Conditions Phosphorylation 

Enzyme preparations were incubated conventional Warburg vessels (12) 
each containing 0.02 sodium bicarbonate, 0.01 magnesium chloride, 
0.02 sodium fluoride (where used), 0.02 and the quantities 
enzyme preparation and ATP indicated the text. The temperature was 
27° C., the gas phase 95% nitrogen carbon dioxide, and the 7.4. 
most experiments incubation time was min. 


Preparation Barium Salts the Sugar Phosphates 

obtain enough material make isolation studies feasible, the following 
preparative procedure was used. After min. active phosphorylation 
the presence high levels ATP (but without sodium fluoride) the contents 
Warburg vessels were combined (48 ml.) and 0.6 ml. glacial acetic acid 
was added (approximate 4.5). The mixture was then transferred 
column containing IR120 (H+) ion exchange resin (20 3.2 cm.) and was 
allowed pass through rate 1-1.5 ml. per min. Protein precipitated 
out the top the column. The column was then washed with deionized 
water. The effluents were collected chilled receiver and concentrated 
vacuo Craig evaporator (13) 30°C. final volume ml. 
(pH after concentrating 1.8). this was then added sufficient saturated 
barium hydroxide solution bring the mixture 8.2 (approximately 
The barium precipitate was washed with ml. water and stored 
after thorough drying Four volumes 95% ethanol were 
added the supernatant precipitate the water-soluble, ethanol-insoluble 
fraction. This fraction was redissolved water using small amount 
0.1 acetic acid bring the the supernatant amount 
material not dissolved this treatment was removed and stored after 
thorough drying (‘‘Precipitate The supernatant was reprecipitated with 
four volumes 95% ethanol followed refrigeration for min. After 
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centrifugation, this precipitate was washed with 80% ethanol, 95% ethanol, 
and diethyl ether. The resultant barium salts (‘‘Precipitate 3’’) were dried 
and stored over calcium chloride desiccator. (Note: exposure 
8.2 during the fractionation was kept minimum time and lasted less 
than min.) 


Paper Chromatographic Procedures 

Descending chromatography was carried out Whatman No. filter 
paper. Where necessary obtain adequate separations, 36-in. papers were 
employed. Aniline phthalate (46) was used detect aldoses, trichloroacetic 
acid (TCA) orcinol (38) made with isopropanol instead butanol was 
used detect heptuloses, and combination these two sprays was used 
distinguish between the two ketopentoses. When papers were first sprayed 
with TCA-orcinol, dried and heated 100° for two minutes, then cooled 
and oversprayed with aniline phthalate but not reheated, specific colors were 
obtained with D-xylulose (purple) and (pink). When desired, the 
aldoses could made visible subsequent heating the papers. Phosphates 
were detected with the aid the molybdate spray Hanes and Isherwood 
(19) acid-washed papers. Developing solvents used are listed below. 
They will referred the text the letters assigned. 

Phenol water (47) 
Ethyl acetate acetic acid (glacial) water (36) 
Ethyl acetate acetic acid (glacial) water (36) 
Butanol pyridine water 1.5 (47) 
alcohol 0.1 sodium citrate (pH 7.0) (53) 


Analytical Methods 

Phosphate was determined the method King (37) for inorganic, acid- 
labile, and total phosphate. 

Pentose was estimated according Mejbaum (43) using 40-min. heating 
periods (2), heptose the recent method Dische (15) (Procedure with 
heating after acetic acid addition), and mixtures pentose and heptose 
the technique Horecker, Smyrniotis, and Klenow (32). and 
D-ribulose were estimated the cysteine-carbazole method Dische and 
Borenfreund (16) and differentiated computing the ratios the absorption 
peaks obtained after applying the orcinol reaction (43). Thus, Seegmiller 
and Horecker (52) have reported values 0.90 for 
0.46 for and 0.19 for aldopentoses. The values obtained this 
laboratory (using material) were 0.85 for 0.48 for 
and 0:20 for aldopentoses. 


Use this solvent was suggested Dr. 
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Bromine oxidation (44) was used purify the ketopentoses conversion 
aldopentose impurities the corresponding aldonic acids. 20-25 mgm. 
pentose (in about ml. water) was added ml. 1.5% bromine solution and 
500 mgm. solid barium carbonate. The mixture was allowed stand 
room temperature for min. with occasional shaking. Excess bromine was 
removed vigorous gassing with nitrogen, the carbonate was filtered off, 
and the clear filtrate was passed through mixed bed ion exchange resin 
column (22 1.5 cm.) composed equal parts IR120 and IRA400 
rate 1.5 ml. per min. remove aldonic acids and various 
ions. The column was then washed with deionized water and the combined 
effluents (pH 5.0) concentrated vacuo (13) the desired volume. 


Experimental and Results 


Phosphorylation 

Since xylose isomerase was known present the extracts hydro- 
phila, manometric experiments were carried out compare the initial rates 
phosphorylation when and were the sugars added 
the system. typical experiment (Fig. each vessel contained mgm. 


XYLOSE +XYLULOSE 


XYLULOSE (Xu) 
XYLOSE (X) 


CO, OUTPUT, 


TIME MINUTES 


Fic. Net (carbon dioxide output) the presence 
and mixture both, enzyme preparation from Pseudomonas hydrophila. 
Inset: initial rates during the first three minutes. 
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acetone powder, 0.008 ATP, and each the pentoses final concentra- 
tion 0.02 The sugars were dissolved 0.04 bicarbonate and tipped 
zero time. The results shown Fig. are net values, the appropriate 
controls having been subtracted. They show that the initial rate phos- 
phorylation greater with D-xylulose than with but that the total gas 
output after approximately min. the same. These results suggest, 
although they not prove, that D-xylulose the actual substrate phos- 
phorylation. interesting note that when both sugars were present 
together the initial gas output was essentially the same with D-xylulose 
alone. 

Another observation made the course these studies that UTP 
capable acting the phosphate donor this system. comparison 
0.005 ATP and UTP given Fig. 2A, where each vessel contained 
the water-soluble portion mgm. acetone powder. The corresponding 
controls without substrate have been subtracted. view the recent 
discovery nucleoside diphosphokinase (5, 6), experiment was carried 
out (Fig. 2B) which was shown that small amount added ADP 
(0.0005 does not enhance the rate phosphorylation UTP; the 
contrary, was responsible for some degree inhibition. Thus, seems 
unlikely that nucleoside diphosphokinase and ADP participate the reaction 


200 


CO, OUTPUT, mm3 


TIME MINUTES 


ATP and UTP phosphate donors the phosphorylation (D-xylose 
tipped zero time). Effect ADP the phosphorylation UTP (enzyme 
preparation tipped zero time). 
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and appears that UTP alone capable acting the phosphate donor. 
Myokinase does not seem involved these enzyme preparations since 
the presence only ATP and ADP could demonstrated the various 
barium fractions isolated the course this work. 


Initial Chromatographic Study the Phosphorylation Products 

Upon completion manometric experiments, the combined contents 
several Warburg vessels were deproteinized with TCA, centrifuged, and the 
clear supernatant concentrated low temperature very small volume 
which was then used for paper chromatography. For this work, the dialyzed 
acetone powder extracts were used and the product chromatographed using 
solvent system (16 hr.). Four spots were detected. One these 
corresponded the starting material, D-xylose (Ry much 
smaller spot giving purple color with the combination spray corresponded 
D-xylulose (Ry 0.68). The other two spots with values 0.45 and 
0.37 respectively were shown sugar phosphates. Using the various 


a 


Fic. Typical chromatograms aliquots concentrated TCA extracts from 
phosphorylations with low (A) and high (B) concentrations ATP (solvent system A). 
xylose, xylulose, P-P pentose phosphates, H-P heptulose phosphate. 
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spray reagents, was possible obtain evidence suggesting that the faster 
moving sugar phosphate spot contained one more pentose phosphates and 
that the slowest moving spot was heptulose phosphate. (When non- 
dialyzed preparations were used, trace fifth sugar phosphate spot was 
also visible.) became clear that, under the conditions these experiments, 
processes other than isomerization and phosphorylation had taken place. 

Further work showed that sixfold increase ATP concentration resulted 
the conversion all the free sugars the phosphorylated products, thus 
giving the maximum attainable yield sugar phosphates under the conditions 
used. Fig. represents reaction product chromatograms from experiments 
with 0.005 ATP (3A) and 0.03 ATP (3B) the presence 0.019 
D-xylose the starting sugar. the same results were obtained 
when dialyzed, fresh extract was used the source enzyme material. 
all experiments referred the remainder this paper the conditions 
used were those represented strip 3B, Fig. 


Identification the Components the Pentose Phosphate Fraction 

The pentose phosphate fraction 0.45, solvent system after 
elution from the chromatograms and upon treatment with acid phosphatase 
was shown mixture least three different sugar phosphates which, 
the phosphates, had moved single spot. Since two these sugars 
were present relatively high concentration, their isolation and more exact 


characterization became feasible. considerable quantity barium salts 
the sugar phosphates was prepared outlined (see ‘‘Materials and 
after min. phosphorylation with dialyzed fresh extracts 
hydrophila. was shown that the component sugar phosphates this 

‘Three hundred milligrams ‘‘Precipitate (see barium salts 
the sugar was dissolved ml. water with the aid sufficient 
resin remove all barium ions. The solution was adjusted 
5.2 with sodium hydroxide and diluted ml. This solution was 
then treated with ml. acid phosphatase preparation 30° for one hour 
the presence ml. 0.1 magnesium chloride and ml. 0.05 acetate 
buffer (pH 5.2). Fifteen milliliters 20% TCA was then added and the 
precipitated protein centrifuged off approximately The cloudy 
supernatant was subsequently put through resin column (26 3.5 cm.) 
composed parts IR120 and IRA400 ion exchange 
resin. The flow rate was 1.5 ml. per min. and the the effluent was 5.05. 
After the column had been washed with deionized water, the combined 
effluent fractions were concentrated vacuo volume ml. The 
concentrate was streaked onto eight long filter papers, dried and developed 
with solvent system for hr., the solvent being allowed drip off the 
tips the papers. The papers were then dried room temperature and, 

small amount was found the barium sugar phosphate fraction. 


This was totally accounted contaminating ADP present the crude salt 
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after all traces phenol had evaporated, elutions were begun after determining 
the positions the desired materials developing narrow reference strips 
cut from the same papers. 


The main components had separated into two distinct areas. The faster 
moving spot gave pink color with the TCA-orcinol aniline 
phthalate combination spray whereas the slower the two (‘‘Area gave 
purple color under these conditions. The two areas corresponded position 
ribulose and xylulose respectively. aniline phthalate was used alone, 
however, Area (but not Area gave typical aldose reaction. Area 
thus appeared mixture aldo- and keto-pentose moving the 
same position (cf. Table solvent system B). evidence free xylose was 
found. Areas and were then cut out and the materials eluted from them 
with water. 


Characterization the Ketopentoses 

(1) Area 1.—It was found the outset that during handling, this keto- 
pentose had given rise small amount aldopentose epimerization. 
The ketopentose was purified bromine oxidation (see and 
The value, 0.73 before and 0.85 after bromine 
oxidation, indicated that this material corresponded terms spectrophoto- 
metric purity authentic D-ribulose. The purified ketopentose was con- 
centrated vacuo sirup (38 mgm.). this was added ml. absolute 
ethanol and mgm. crystalline o-nitrophenylhydrazine. The mixture was 
heated 100° for min. and 0.05 ml. glacial acetic acid was added after 
the solution had reached the boiling point. small quantity insoluble 
material was filtered out, washed with additional milliliter absolute ethanol, 
clear, red, combined supernatant solution was concentrated 
volume 0.25 ml. under nitrogen. Crystallization set after few minutes 
and was complete one hour. The crystals were and washed twice 
with cold ethyl acetate. The orange product was recrystallized three times 
from very small volume absolute ethanol give product having 
constant melting point Authentic 
hydrazone melted 165°-166° (cf. 11, 17, The melting point the 
mixture was The crystalline product was levorotatory. The 
compound Area was thus characterized color spray, 
chromatographic position, spectrophotometric analysis, and formation its 
crystalline 


(2) Area 2.—The eluted material was also treated with bromine convert 
the contaminating aldopentose the corresponding aldonic acid which was 
then removed with ion exchange resin (see ‘‘Materials and The 
value was 0.37 before and 0.47 after bromine oxidation. The 
purified product was concentrated vacuo sirup (41 mgm.). this 
was added 0.15 ml. water and 1.8 ml. 95% ethanol containing mgm. 
crystalline The mixture was heated steam 
bath for min., slight impurity insoluble matter was filtered off, and the 
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mixture concentrated under nitrogen orange-red sirup. This was kept 
desiccator over concentrated sulphuric acid and the presence sodium 
hydroxide (sticks) for one hour. The yellow, crystalline product was filtered 
with the aid little water and washed four times with cold ether. This 
material was recrystallized with 0.05 ml. 95% ethanol and 0.05 ml. water 
and was washed with water. After drying vacuo over calcium chloride the 
light yellow, crystalline product melted 128°-129° (unchanged after 
repeated recrystallizations). authentic D-xylulose-p-bromo- 
phenylhydrazone melted (cf., 25, 44, The melting 
point the mixture was The initial rotation was positive. 
All the data indicate, therefore, that the ketopentose Area D-xylulose. 

Identification the solvent system separated 
D-xylulose from D-ribulose but not from solvent systems 
and were found separate D-ribose from the two ketopentoses (Table I). 
using any one these solvents, was possible purify the aldopentose 
component Area chromatographically but there was not sufficient material 
permit formation crystalline derivative. Spectrophotometrically, this 
material gave the typical orcinol peak 670 with ratio 
0.20. Evidence from five solvent systems indicates (Table that the 
aldopentose isolated from rechromatographed material Area probably 
D-ribose. 


TABLE 
CHROMATOGRAPHIC IDENTIFICATION THE 
values 


Solvent systems 


p-Arabinose 0.56 0.22: 0.42 0.30 0.45 
D-Xylose 0.49 0.25 0.44 0.34 0.51 
0.27 0.35 0.53 
D-Ribose 0.63 0.30 0.51 0.38 0.55 
0.63 0.32 0.53 0.42 0.59 
0.70 0.34 0.56 0.42 0.59 
Aldopentose 0.63 0.30 0.51 0.38 0.55 


Identification the Heptulose Phosphate 

preceding section, was shown how the heptulose phosphate spot 
0.37) could separated filter papers from the other phosphorylated 
products. This spot gave the typical heptulose reaction with TCA-orcinol 
and reacted like when the washed papers were sprayed with 
molybdate. Elution from the papers, rechromatography, and dephos- 
phorylation showed that was, indeed, single substance, which reaction 
with the Dische test for heptoses gave the characteristic spectrophotometric 
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OPTICAL DENSITY 


PENTOSE PHOSPHATE 


530 550 570 590 610 630 650 670 690 
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Fic. Spectrophotometric determination heptulose and phosphate 
fractions eluted from filter paper chromatograms and treated with the Dische reagent (15). 


peak 610 shown Fig. The figure also shows that sample 
the faster moving pentose phosphate spot 0.45) treated the same 
manner and the same time does not exhibit this peak. This pentose 
phosphate fraction, the other hand, gave very strong peak 670 
after reaction with orcinol. 

Since heptulose phosphate samples were available reference materials 
and since the enzyme preparations used (from xylose-adapted hydrophila) 
were shown devoid heptulokinase (50), dephosphorylation with 
phosphatase was again the only suitable experimental method. The heptulose 
phosphate was eluted from the papers, dephosphorylated the same method 
described above for the dephosphorylation the pentose phosphate fraction, 
and the free sugar obtained was identified paper chromatography. 
Table shows, the free sugar corresponded sedoheptulose. 

Acid hydrolysis the phosphorylated material showed that after heating 
100° sulphuric acid (32) for one hour, approximately 12% hydrolysis 
had occurred measured the release inorganic phosphate. Thus, 
the compound eluted from the papers appears acid-stable phosphate 
sedoheptulose. The amount this substance was too small permit 
more detailed characterization. 
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TABLE 


CHROMATOGRAPHIC IDENTIFICATION SEDOHEPTULOSE THE 
SUGAR COMPONENT THE HEPTULOSE PHOSPHATE FRACTION 


values 


Solvent systems 


Sugars 
Sedoheptulose 0.56 0.45 
Idoheptulose 0.59 0.50 
Guloheptulose 0.60 0.52 
Heptulose phosphate eluted 0.37 0.28 

rom chromatograms 
Heptulose phosphate eluted, 0.56 0.45 
with 
phosphatase 


The Composition the Sugar Phosphate Mixture 

The original pentose phosphate spot has now proved mixture the 
acid-stable phosphates D-xylulose, D-ribulose, and D-ribose. Quantitative 
evaluation the composition such mixture difficult. Considerable 
losses are incurred during the many steps necessary obtain the components 
pure form, the recoveries such small amounts crystalline hydrazones 
not quantitative, and colorimetric data using the orcinol reaction (43) must 
interpreted with caution since aldo- and keto-pentoses not react equally 
The available data suggest, however, that 45% the total sugar 
phosphate fraction present D-xylulose phosphate, 40% 
phosphate, 10% phosphate, and sedoheptulose phosphate. 


After enzymatic dephosphorylation the isolated sugar phosphates, 
D-xylose was detectable the resultant mixture free sugars. 
evidence (Fig. 1), also that and not was the 
substance phosphorylated. Furthermore, ketopentose phosphate forma- 
tion from D-xylose-5-phosphate could observed experiments, set 
previously described (25). The method Dische and Borenfreund (16) 
modified Lampen (41) was used for this purpose. Therefore, D-xylose-5- 
phosphate does not appear intermediate the utilization D-xylose 
hydrophila under these conditions. 


The Formation ADP during Phosphorylation 


Lampen (41) has found that the stoichiometry xylose phosphorylation 
phosphate AMP. The following experiments show that this does not 
hold for hydrophila. 
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Barium sugar phosphates were prepared (see ‘‘Materials and 
and the three precipitates obtained were examined for content adenosine 
phosphates. control experiments which the same resin and condi- 
tions were employed during the preparation the sugar phosphates from 
reaction mixtures, was first established that AMP removed from solution 
during passage through the resin only very slight extent. ‘‘Precipitates 
and were chromatographed after removal barium ions obtain 
information the nature the adenosine phosphate compounds involved 
(see Table III). Solvent system was used and the position the sub- 
stances paper was established marking the light absorbing areas during 
exposure ultraviolet light (Mineralight, Model 2537). Table III 
shows contained chiefly ADP with some ATP but AMP. 
contained light absorbing material all. Examination 
the sugar phosphate fraction (‘‘Precipitate 3’’), which was the one used for 
the isolation studies reported this paper, indicated contamination 
substance which gave the spectrophotometric characteristics adenosine 
containing compound and attempt was made separate from the sugar 
phosphates. Separation was achieved with cellulose column (35) and 
automatic fraction collector using solvent system flowing rate 
ml. per hr. Fractions were found contain the sugar phosphates 
(although not separated individually), whereas fractions contained all 
the ultraviolet absorbing material. This component was isolated its barium 
salt. analysis, the ratio adenine (260 absorption) pentose phos- 
phate was found 1.02:1.00:2.03. Barium-free material was then 
chromatographed along with the controls shown Table III. Thus, the 
contaminant was ADP. 


TABLE III 
CHROMATOGRAPHIC IDENTIFICATION ADENOSINE PHOSPHATES 


values 
Materials Solvent system 


“Precipitate 
“Precipitate 
“Precipitate 0.85 


Uliraviolet absorbing material from tube Nos. 16-20 the 
cellulose column (see text). 


The presence ADP the sugar phosphate fraction was not handicap 
since enzymatic dephosphorylation converted the ADP adenosine which, 
then, ran off the ends the papers closely behind the solvent. long 
the solvent was allowed run off for long enough period, the adenosine did 
not interfere with the isolation the free sugars. 


HOCHSTER: PHOSPHORYLATED SUGARS 359 


evidence for the presence AMP was found any the fractions 
obtained from phosphorylation experiments with hydrophila extracts. 


Other Enzymes the Cell-free Extract hydrophila 


Incubation D-ribose-5-phosphate with the enzyme preparation resulted 
the formation the phosphates D-xylulose, and sedo- 
heptulose much the same proprtions were outlined above. Methods 
employed were identical those already described. This finding points 
the essential reversibility the over-all sequence and indicates that phos- 
phoriboisomerase (4, 33) and transketolase (32, 49) must present the 
enzyme preparation. 


The Effect Fluoride 


The sugar phosphates used for isolation studies were formed incubation 
the absence fluoride ions. This procedure was possible because the 
extremely low adenosinetriphosphatase activity the extract. The ratio 
pentose heptulose phosphate the final mixture could altered 
changing the fluoride concentration, i.e., relatively less pentose phosphate was 
formed its presence. Fluoride was omitted because the main object this 
study was identify the key pentose phosphates involved the utilization 
and because fluoride was found potent inhibitor the acid 
phosphatase preparation used obtain the sugars for characterization. 


The Effect Extensive Dialysis the Enzyme Preparation 

mentioned and the fresh sonic extracts were 
dialyzed for approximately hr. before use isolation experiments. This 
was done because was found that much more pentose phosphate material 
accumulated than with preparations dialyzed for only three four hours. 
Dialysis probably removes factor which necessary for the further metab- 
olism the product phosphorylation. not magnesium (29) since all 
experiments contained excess added magnesium, nor thiamine pyrophos- 
phate, the known coenzyme transketolase (30, 49), since its addition the 
system did not alter the results any way. 


Discussion 


The finding phosphate the key intermediate the anaerobic 
utilization cell-free extracts Pseudomonas hydrophila, 
together with the apparent absence phosphate among the inter- 
mediates, provides the experimental data necessary picture the probable 
metabolic pathway. The data presented here provide experimental evidence 
for suggestions previously made Lampen and co-workers that metabolism 
Lactobacillus pentosus proceeds via ribose phosphate inter- 
mediates (40) and that isomerization xylose may precede phosphorylation 
Lampen’s inability denionstrate D-xylulose phosphate formation 
may explained his use less thoroughly dialyzed enzyme preparations 
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than were used the present study. Furthermore, contrast with results 
with pentosus (41), adenylic acid was formed during phosphorylation 
experiments with extracts hydrophila. Sedoheptulose phosphate was 
the only component the transaldolase system (29, 31) identified the 
work with hydrophila. Other components the system may, however, 
have been present concentrations too small detected the methods 
used. The fifth weak sugar phosphate spot visible chromatograms obtained 
after using non-dialyzed preparations may contain such components. 

view the acid-stability the phosphate groups all the components 
identified the hydrophila system, will assumed, for purposes this 
discussion, that the pentoses have the phosphate the 5-position while 
sedoheptulose probably the 7-phosphate (32). Rigorous proof still 
lacking, however, pending isolation and synthesis the phosphates themselves 
chemically pure entities. 

The pathway dissimilation cell-free, fresh, dialyzed 
extracts hydrophila under conditions and with preparations which 
not support active oxidation may then written: 


D-xylose 


phosphate phosphate 
7-phosphate 
D-ribose-5- 
phosphate 


Thus, the initial kinase previously named should now 
renamed conform with the findings this investigation. 
the above scheme, enzymes (xylose isomerase), (xylulokinase), 
(phosphoriboisomerase), and (transketolase) are known present 
the enzyme preparations. denotes the functioning suggested keto- 
pentose phosphate waldenase* perhaps analogous the waldenase described 
Leloir and co-workers (9) for the interconversion galactose-1-phosphate 
involving uridine complex cofactor. Two recent 
papers (3, 42) dealing with mammalian tissues tend strengthen this view- 
point. Chromatographic evidence for the formation xylulose followed 
ribulose appearance (probably the phosphates) was reported McGeown 
and Malpress (42) for liver extracts which glycolaldehyde, hexosediphos- 
phate, and iodoacetate had been added. While the present paper was 
preparation, Ashwell and Hickman (3) reported that incubation 


with resulted the conversion 20% this 


substance 14% and demonstrated after enzymatic 
dephosphorylation their phosphates. Although the relative amounts 
See Note added proof, 363. 
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the various sugar phosphates are quite different from those reported this 
communication, their work is, effect, demonstration the reactions 
described here, reverse. The ability various aldolase preparations 
synthesize D-xylulose phosphate from and precursors has already been 
recognized (7, 18, would seem reasonable attach considerable 
importance D-xylulose phosphate metabolic intermediate many 
tissues. 
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ADDED PROOF 

note has just appeared (Ashwell, and Hickman, Chem. Soc. 1062-1063. 
1955) which evidence presented which seems consistent with the view that the 
transformation may proceed through ene-diol intermediate. data are available, however, 
which might shed new light the enzymatic aspects this problem. 
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